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When the English tongue we speak, Why is 'break' not rhymed with 'freak'? And the maker of a verse Cannot cap his 'horse' with 'worse'? 'Beard' sounds not the same as 'heard'. 'Cord' is different from 'word'. 'Cow' is cow, but 'low' is low. 'Show' is never rhymed with 'foe'. Think of 'hose' and 'dose' and 'lose', And of 'goose' and yet of 'choose'. Think of 'comb' and 'tomb' and 'bomb', 'Doll' and 'roll' and 'home' and 'some', And since 'pay' is rhymed with 'say', Why not 'paid' and 'said', I pray? We have 'blood' and 'food' and 'good'. 'Mould' is not pronounced like 'could'. Wherefore 'done', but 'gone' and 'lone'? Is there any reason known? And, in short, it seems to me, Sounds and letters disagree. 
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Chapter 1 
Introduction Asthma is one of the most common chronic diseases worldwide. Its prevalence in children and young adults has been steadily increasing for the last two decades (1,2), posing an important public health burden. Epidemiological studies in the Netherlands have indicated that about 15-20% of the Dutch population (a total of 14-15 million people) report asthma symptoms (3,4). A large proportion of this population shows a mild course of the disease, with many children outgrowing their asthma and most patients becoming asymptomatic using the currently available medication (5-7). Although studies on the natural history of asthma into adulthood are scarce, prospective studies conducted to compare adult asthmatics with non-asthmatics have demonstrated a faster decline in FEV1 in the affected group (7-12). Additionally, studies on asthma patients in remission with respect to their symptomatology, have indicated that many of these subjects still show bronchial hyperresponsiveness (BHR) and lung function abnormalities (13). Therefore, asthma is an intricate disease with only limited knowledge available on the factors that determine the development and progression of the disease. These unresolved facets need to be studied further. 
Background of the study In 1961, Orie et al. pointed out that the different forms of obstructive airways disease (OAD), such as asthma, chronic bronchitis and chronic obstructive pulmonary disease (COPD), show a significant overlap in their clinical features (14). Some studies on the natural history of OAD suggested that these clinical features may evolve into another with ageing. For example, a young asthma patients initially showing variable and reversible airways obstruction, may develop an irreversible obstruction or even COPD at older age ( 15, 16). These authors also hypothesized that the manifestation of the clinical features of OAD is based on an inherited susceptibility to develop bronchial hyperresponsiveness and allergy. Thus, hyperresponsiveness, as well as allergy, may have a hereditary component, they are modulated by environmental factors, such as exposure to allergens, infections, smoking, and age. This dissertation originated from this theory, termed 'the Dutch hypothesis' (17, 18), and provides new insights into both the clinical features of OAD during ageing and the hereditary component of asthma. 
Beatrixoord In 1962, the management of Beatrixoord Hospital, by then a sanatorium for tuberculosis patients only, decided to expand the existing facilities to an asthma clinic. There was a close co-operation with the University Hospital Groningen. Asthma patients, seen and treated at the University Hospital in an acute phase, 
11  
Chapter 1 were referred to Beatrixoord when stabilized. Once admitted to the clinic for about 6 weeks, they would undergo a standardized evaluation to assess the severity of their asthma and start or optimize their medication. All patients were living in the northern region of the Netherlands, which is characterized by its rural environment and relatively stable homogeneous population. 
The study A population of patients admitted to Beatrixoord Hospital between 1962 and 1970 was selected for this study. This dissertation is divided in two sections. The first one is a study on the gene­tics of atopy, bronchial hyperresponsiveness (BHR), and asthma. The second section is a 25 year follow-up study of asthma patients. 
1. The genetics study. The aim of the genetics study is to determine whether there is a hereditary component of asthma, atopy and BHR in the families of asthma patients. Hampered by the lack of a clear asthma phenotype, we studied the mode of inheritance of total serum IgE levels and of BHR. Total serum IgE is an important allergic parameter known to be highly correlated with asthma. BHR is another significant parameter, often called 'the hall-mark' in the diagnosis of asthma. Both factors are associated with the development and progression of ob­structive lung disease. We studied 92 families ascertained through a patient with asthma (the proband). At the time of the ascertainment of families, the children were in the same age range as the affected parent was when initially evaluated. Therefore, the age difference between the proband and offspring, a confounder in many genetic studies on atopy and BHR, did not play a role in the present study. All available children, spouses, and in some cases grandchildren, were examined. 
2. The study on the natural history of asthma. The aim of this section of the study is to assess the outcome of asthma 25 years after the initial characterization. Several potential factors were investigated to determine whether individuals with asthma at early adulthood become non­responders to histamine, or even outgrow their asthma as defined as an asymptomatic status, and absence of airways obstruction and BHR. Since BHR and atopy are closely linked, it was also assessed whether atopy was related with the outcome of asthma. Finally, factors that may determine whether individuals with asthma at early adulthood develop an irreversible airways obstruction or a diffusion capacity disturbance, markers of emphysema, were studied. 12 
Introduction 
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Dutch approach on the study of the genetics of 
asthma Carolien J.M. Panhuysen 1, Eugene R. Bleecker, Gerard H. Koeter3, Deborah A. Meyers4, Dirkje S. Postma3• 
1Beatrixoord Hospital Haren, The Netherlands; 2University of Maryland Baltimore, MD, USA; 3University Hospital Groningen, The Netherlands; 4Johns Hopkins University Baltimore, U.S.A. Published in Clinical and Experimental Allergy 1995, 25(suppl 2):35-39. 
Introduction Asthma is known to be a multifactorial disease, which expresses itself by symptoms such as wheeze, shortness of breath and cough. It is characterized by variable airway obstruction over the day and from day-to-day. There are many risk factors for the development of asthma known from epidemiological studies (Table 1). These risk factors are both endogenously and exogenously determined, amongst others the presence of atopy and bronchial hyperresponsiveness (1). 
Table 1. Risk factors for development of asthma High lgE Allergen exposure Maternal smoking Prematurity Infections (viral) Bronchial hyperresponsiveness Bronchial hyperresponsiveness (BHR) is regarded to be one of the hallmarks of asthma. It has been shown that BHR may precede the development of asthma and constitutes a risk factor for development of asthmatic symptoms (2,3). A number of animal studies have suggested that BHR is genetically determined (4,5). Moreover, twin studies have shown that the incidence of BHR is higher in monozygotic twins than in dizygotic twins (6,7). Thus there appears to be a genetic component to this phenotype of asthma. However, there are some 15 
Chapter 2 difficulties for genetic analyses on the heredity of asthma with regard to the pre­sence or absence of this phenotype. From epidemiological studies it is known that a small percentage of the population may have BHR without symptoms or signs of asthma (8). Furthermore, some asthmatic individuals may become non­responders during their later life (9, 10). This complicates a firm diagnosis of asthma in an individual when BHR is present (asymptomatic responder) or absent (BHR present in the past). Nevertheless in genetic analyses a firm diagnosis of asthma, requiring phenotypes such as BHR, is necessary to determine genetic loci for asthma. Another phenotype of asthma, i.e. a high total serum lgE level which is present in most asthmatic individuals, has been demonstrated to be genetically determined ( 1 1-14). Increased lgE levels are known to be a risk factor for the development of both allergy and asthma in children ( 15, 16). Moreover, in adults with asthma, those with increased IgE levels had a better response to inhaled corticosteroids ( 17). Nevertheless, not all asthmatic individuals do have high IgE levels and not all individuals with high IgE levels develop or have asthma. Many studies have demonstrated that both hyperresponsiveness and atopy are important for the development and progression of asthma and both factors determine to a large extent the severity of this disease (9, 10, 16, 18-21). Thus, these factors may be important phenotypes to study with respect to the genetics of asthma. Notwithstanding this fact, there is an important drawback to these traits as they are both age- and gender-dependent (22) and can change over time due to exogenous influences such as allergen exposure and viral infection. Whereas BHR decreases in early childhood and increases at older age, atopy has an opposite course: it increases from birth to young age and decreases at older age. Studies are furthermore complicated by the fact that clinical features of asthma may change over time and may mirror features of chronic obstructive pulmonary disease (COPD) when asthma has progressed at older age. This may cause problems in cross-sectional investigations of families consisting of children, parents and grandparents to determine the genetics of asthma. The approach to study the genetics of asthma in the Netherlands has been led by these observations. We have selected families with a proband who is known to have had asthma 25 years ago as was assessed clinically in a standardized way (23 ,24). These probands have been retested currently. This method partly overcomes the above problems, as we can compare current and initial data sets of these probands, showing to what extent the phenotype has changed over the years. Secondly, the time component can be ruled out in that we are thus able to compare the initial data set of the probands with the data of their children, who are now in the same age range as their parents were at initial testing. We will describe how the study has been set up in The Netherlands and what the results of this attitude is with regard to the above mentioned age-related changes in phenotypic expressions. 16 
Dutch approach on the study of the genetics of asthma 
Patients and Methods The approach of probands who were known to have had asthma some 25 years ago was a feasible option, as in Beatrixoord Hospital, a referral hospital for respiratory diseases near Groningen the Netherlands, a large cohort of asthmatics was investigated between 1962 and 1970. We selected the patients that had been referred to this hospital during a stable phase of their disease, nevertheless with asthmatic symptoms, and showed to have bronchial hyperresponsiveness to inhaled histamine. All patients in the study had to have an age below 45 years. All patients were asked to participate in a follow-up study and when they had children of 8 years and older they were asked to participate in a study on the genetics of asthma also. The genetics study is a collaborative study with the University Hospital Groningen (DS Postma, GH Koeter), Beatrixoord Hospital Haren (CIM Panhuysen, R v Altena) in the Netherlands and the Johns Hopkins University (DA Meyers, RC Levitt) and the University of Maryland (PJ Amelung, ER Bleecker) in Baltimore, U.S.A. The patients with asthma participating in the genetics study (the probands) were now having children in an age range comparable to the age range they had when they were tested for the first time, approximately 25 years ago. All subjects, in the follow-up study as well as in the genetics study, have been tested with the same measurements and by the same methods as the patients were tested 25 years ago (21,22). This included a modified version of the British Medical Council Questionnaire (25), skin tests with common allergens, number of eosinophils, pulmonary function tests, bronchial hyperresponsiveness testing with histamine by the 30 seconds methods of De Vries were evaluated (26). The same water sealed spirometer (Lode Spirograph type DL, Lode b.v. , Groningen, The Netherlands) and nebulizer (Wiesbadener doppelspray, Wiesbaden, Germany), and the same protocols were used as 25 years ago. A subject was considered to have BHR when PC20 (provocative concentration causing a 20 % fall in FEV 1) � 32 mg/ml. Moreover, reversibility of airway obstruction was tested, initially 30 min. after an intramuscular injection of 25 mg Thiazinamium (a potent an­ticholinergic drug), and at present testing with inhalation of 800 µg of salbutamol via a Spacehaler. Intracutaneous allergy skin tests consisted of a positive control using histamine and a negative control using diluent. At the initial testing, the following allergens were used: house dust, mixed molds, mixed grass pollens, mixed tree pollens, mixed spring pollens, mixed weeds, mixed animal dander and feathers, and hay dust. In the current testing, 16 common aero-allergens were used consisting of mixed grass pollens, two mixed tree pollens, mixed weeds, house dust mite, storage mites, cat-, dog-, horse-, rabbit-/ guinea-pig dander, feather mix, and 5 separate molds (Aspergillus fumigatus, Altemaria altemata, Cladosporium herbarum, Penicillum notatum, Botrytis cineria). For both time periods the controls and the allergens were obtained from Diephuis Laboratory, Groningen, The Netherlands. Atopy was considered to be present when the weal diameter of at least one allergy skin-test was � 5 mm. IgE levels 17 
Chapter 2 were not measured during the original evaluation. In the present evaluation both total IgE and RAST to house dust mite and grasses were tested. The mean of two duplicate tests of IgE (Pharmacia IgE EIA, Pharmacia Diagnostics AB, Sweden) was used, and measurements were repeated if the difference between duplicates was > 5 % . 
Results We have tested 92 families with 538 individuals. Table 2 summarizes the results from the probands and offspring. The children had a comparable age with their parent's at initial testing. It is clear from this table that some of the probands would have been misclassified, if we selected the families through children with asthma and then tested the parents for asthma. For instance, in the pro bands of our 92 families 10 % were no longer atopic, 13 % had become negative to BHR or were unable to perform a histamine provocation due to low lung function. A further 29 % did not continue to show reversibility of airway obstruction, yet another sign of asthma according to the A TS criteria (27). In the follow-up study we have assessed 189 asthmatic individuals from this same population in Beatrixoord hospital, including the probands in the family study. Table 3 shows that 17 % of the 175 patients who initially had a positive skin test, were no longer skin test positive. However, the data suggest that follow-up of atopy is important for another reason as well, as 4 % now have a positive skin test, but did not have this at initial testing . Thus, in 21 % of this population, misclassification of the atopic phenotype would have occurred based on skin tests (Table 4). Furthermore, 21 % of this population was not longer responsive to histamine. Approximately 50% of the latter patients (12 % of the total population) currently did not have BHR nor any respiratory symptoms, and had an FEV 1 � 90% predicted after 25 years of follow-up. We have been successful in recruiting families with asthma. We have learned, however, that follow-up of these families is essential for proper classification of atopy and BHR, fundamental issues in the study of genetics of asthma. Therefore we will try to follow and retest these family members in order to prevent misclassification and further define the atopic and asthmatic phenotypes. This may be especially important in the young individuals in our study population, since some of them may be at risk for development of asthma, but for unknown reasons do not yet have symptoms or signs compatible with this diagnosis. 18 
Dutch approach on the study of the genetics of asthma 
Table 2. Characteristics of probands ( old and recent data) and their children. Proband Offspring Study years 1962-1970 1991-1994 1991-1994 Number 92 92 265 Gender (% males) 58 58 49 Mean age (range) 26, 13-44 51, 37-71 25, 8-44 Atopy (%) 90 80 63 BHR (%) 100 87* 35 Li FEV1 > 9% pred. (%) 91 62 24 * 14 probands excluded because their FEV1 was too low for retesting. Atopy is defined as at least 1 positive allergen skin test ( � 5 mm), BHR is defined as PC20 histamine ::; 32 mg/ml. 
Table 3. Changes in asthma phenotypes. 189 asthmatics evaluated after 25 years 21 % PC20 histamine > 16 mg/ml 12 % have no asthma any more 17 % became non-atopic 4 % became atopic 
Table 4. Changes in atopic status after 25 years (n = 189). study years: '62-'70 '91-'94 non-atopic non-atopic 7 atopic 7 14 (7%) atopic 30 145 37 (20%) 52 (80%) 175 (93%) Atopy is defined as � 1 allergy skin-test � 5 mm. 19 
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Introduction Asthma is a respiratory disease that is characterized by variable airways obstruction, airways inflammation and bronchial hyperresponsiveness (BHR) (28). Most patients with asthma have clinical and serologic evidence of atopy. Even in children who are asymptomatic, bronchial hyperresponsiveness appears to be closely linked to an allergic diathesis, as reflected by the association of serum lgE level with BHR and asthma (29). These findings suggest a close relationship between asthma and atopy. There has been a recent increase in morbidity associated with asthma (30), and epidemiologic studies have provided strong evidence that asthma and allergic disorders are increasing both in prevalence and severity (31,32). While the precise reasons for these changes are unknown, there is some evidence to indicate that these rising trends are associated with increased levels of sensitization to common environmental allergens and early life exposure to adjuvant factors including air pollutants and viruses in susceptible individuals (33). Understanding the genetic mechanisms responsible for allergy and asthma has widespread public health consequences, as it may lead to improved preventive measures and new therapeutic approaches. This review will discuss the general approaches used in genetic studies, methodologic difficulties as well as current findings that demonstrate the recent advances in understanding the genetics of asthma and atopy. 
Approaches in genetic studies: 
Familial aggregation Significant familial aggregation of the phenotypes associated with asthma and allergy has been described in numerous studies (34-36), but this does not always imply a genetic basis. Familial aggregation can be caused by common environmental factors or by an interaction of environmental and genetic factors that can influence the perceived pattern of inheritance. To test for familial aggregation, a comparison of disease frequencies in 21 
Chapter 3 related individuals is performed, and compared to the frequency in a group of controls, or to the disease frequency in the entire population. The excess risk for relatives can be expressed as the risk ratio (lambda), which is the relative's risk compared to the prevalence within the population. These risk ratio's can be used to postulate the number of loci involved in the disorder (37 ,38). In twin studies with monozygotic (MZ) and dizygotic (DZ) twin pairs, the difference between the disease frequency in MZ and DZ twins provides an indication for heritability, while the difference within MZ twins is an indication of environmental influence. Studies of adopted individuals provide a further opportunity to estimate the environmental and genetic components by comparing natural and adopted parents of affected individuals. While studies of relatives are helpful in determining whether a genetic component is important, usually they do not provide insight in the mode of inheritance or the specific location of the disease genes in the genome. 
Segregation analysis and linkage studies There are two basic approaches in mapping genes for asthma and allergy that need to be considered. 1) complex segregation analysis followed by linkage analysis using the most parsimonious genetic model identified by the segregation analysis, and 2) linkage analysis using affected pairs of relatives without a specified model of inheritance (39,40). Segregation analysis tests explicit models of inheritance in families, using the qualitative or quantitative data on the trait, possible environmental factors, and family structure. It compares the observed number of affected individuals with the expected number using various Mendelian modes of inheritance e.g. recessive, dominant, etc. The method of ascertainment of families is very important in segregation analysis. For example, the selection of families with an affected parent and an affected child would bias the results of the analysis in favor of a dominant model of inheritance. Thus, one needs to correct for ascertainment bias in this analytic method. The best fitting model can be determined by comparing the likelihoods from the several models tested (i.e. dominant, recessive, polygenic, environmental model) with the likelihood of a general model. Models that significantly differ from this general model can be rejected. Estimates of gene frequency, penetrance of the disease in individuals, and heterozygosity or homozygosity for the disease gene can be obtained. This model and its estimates can be used in subsequent linkage analysis. For linkage analysis, DNA marker data are used together with data on the trait and family structure. The purpose of linkage analysis is to delineate major gene(s) by demonstrating cosegregation of the disease with polymorphic DNA markers. A polymorphic marker is usually not a specific disease related gene but is a chromosomal marker with multiple alleles that can be characterized in all family members and followed through different generations. Using this method, one can test the hypothesis that the asthmatic/allergic children inherited the same marker allele from their asthmatic/allergic parent, and that the unaffected 22 
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Figure 1 .  Approaches to studies on genetics of asthma and bronchial hyperresponsiveness. 23 
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Methodological issues in studies on asthma and allergy 
Although the many studies published on the genetics of asthma and allergy 
support the concept that these conditions have a significant familial 
predisposition, there is little or conflicting information on the mode of 
inheritance and less on the physical mapping and sequencing of the disease 
genes . While genes for Mendelian disorders such as cystic fibrosis have been 
localized and cloned, complex genetic disorders such as asthma and allergy are 
far more complicated. In contrast to cystic fibrosis, a disease with a specific 
history and laboratory test (42), asthma and allergy are multifactorial diseases 
with varied phenotypic expressions. Thus, defining the asthma and allergic 
phenotypes is a central issue in dissecting the genetic components of these 
conditions . 
A number of standard approaches have been used to examine allergic 
phenotypes in epidemiologic and genetic studies . These approaches include the 
measurements of total and specific serum IgE levels as well as quantitative and 
qualitative results from various skin test panels to common allergens . These 
studies require standardization of techniques and the purity of allergens . In 
population based studies , total serum lgE has been shown to correlate with the 
clinical expression of allergy as well as with bronchial hyperresponsiveness and 
asthma (29 ,43) . Recently , skin test responses have been shown to be closely 
related to BHR and asthmatic symptoms in a similar population based sample 
(44) . 
The assessment of the asthma phenotype is far more complicated and 
difficult to quantify . There have been numerous attempts to develop 
comprehensive definitions during the last 35 years ( 45-4 7) . While current 
definitions of asthma now emphasize the importance of inflammatory 
mechanisms in addition to physiologic changes associated with asthma, often they 
are not helpful for early identification or for the differentiation of asthma from 
other closely related conditions . Usually in genetic family studies , individuals are 
classified as either affected or unaffected (dichotomous) . With common complex 
disorders such as asthma and allergy , there will be a group of clearly affected 
individuals e .g .  defined by specific clinical criteria. In addition, there may often 
be another large group of individuals who cannot be specifically classified 
because they have some, but not all of the characteristics of the condition under 
investigation. Since one uniform phenotype defining asthma may not exist, 
investigators have used different, subjective or more concrete definitions for 
asthma: a reported prior doctor diagnosis of asthma ( 16 ,48) , questionnaire data 
(6 ,49) , the presence of bronchial hyperresponsiveness (7) , or combinations of the 
above. Some investigators include the atopic status in their definition of asthma 
by separating intrinsic and extrinsic asthma (35 ,36) .  All these different 
approaches may make it very difficult to compare the results of various 
epidemiologic and genetic studies . 
An important issue in genetic studies in asthma is the close association 
between asthma and atopy ( 16 ,29) that permits evaluation of closely related 
24 
The genetics of asthma and atopy heritable factors in both conditions. However, despite the close relationship between asthma, high total serum lgE and atopy, these traits cannot be simply interchanged. The same is true for asthma and BHR, though virtually all asthmatics show BHR: not all subjects with BHR have asthma. BHR may precede the expression of asthma and indeed constitute a risk factor (3) , or it may be present in association with COPD (50). However, both total serum IgE levels and BHR are useful measurements that can be analyzed in genetic family studies as quantitative traits. The value of a quantitative traits is that all family members can provide useful information for genetic analysis. In contrast, dichotomous traits such as the presence or absence of asthma provides useful information in a much smaller percentage of the population. Another obstacle in family studies is that the clinical expression of asthma and atopy may vary with age (10,23). The clinical expression of asthma may change from a disease initially triggered by allergen exposure and viral infections in childhood (51) to more irreversible airways obstruction with less variability in older patients, who may have experienced exposure to various environmental agents such as tobacco smoke and air pollutants (22) Furthermore, it is well known that both lgE levels and the diameter of allergy skin tests will increase from birth into young adulthood, followed by a decrease with aging. This may cause bias when family members from different generations are studied. Besides the genetic components of asthma, there are many environmental factors associated with the expression of the disease, such as breast-feeding, viral respiratory infections in early childhood, exposure to allergens and parental smoking, especially maternal smoking during pregnancy, (52-54). It is difficult to accurately assess and control for these known factors in genetic studies and there may be additional unknown factors. Asthma appears to be of multifactorial origin, closely related to BHR and allergic status, influenced by multiple genes and environmental factors. 
Studies on asthma and atopy and its phenotypic expressions 
Familial aggregation Several studies have reported an increased frequency of asthma and atopy in first degree relatives of asthmatic subjects compared to control subjects (34,35,55), illustrating familial aggregation of these traits. 
Twin studies on asthma and atopy Edfors-Lubs (6), performed a twin study with 7000 same-sex twins born between 1886 and 1925. The concordance for self reported asthma in monozygotic twin pairs was 19.0%, while it was 4.8% in dizygotic twins, comparable to the prevalence in the whole twin population (3. 8 % ) . The results of this and other twin studies, such as the study performed in 3800 twin-pairs from the Australian twin register ( 49) and the studies reported by Hopp and 25 
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coworkers (7), show significant differences between monozygotic (MZ) and 
dizygotic (DZ) twin-pairs, providing evidence for a genetic component in the 
development of asthma and atopy. The latter group also found evidence for 
heritability of phenotypes associated with asthma and allergy, i . e. BHR, skin test 
responses, and total serum lgE (3 , 34) . 
Studies on the genetics of atopy 
Atopy can be defined in several ways as one or a combination of the 
following: positive skin tests, elevated total serum IgE level, positive specific 
serum lgE level, the presence of eosinophilia, self-reported symptoms and signs 
of atopic disease (eczema, hay-fever) . Hopp and co-workers were unable to 
demonstrate significant difference between MZ and DZ twin-pairs with regard to 
allergic symptoms based on a questionnaire (7), although they reported a genetic 
component for clinical atopy parameters. 
Defining atopy as a positive skin test, and/or elevated total serum lgE 
and/or elevated specific IgE, Cookson and co-workers reported (12,56-58) that 
atopy was linked to a marker on chromosome l lq, using an autosomal dominant 
model of inheritance. Their LOD score results varied from 10 to 3 . 38 (57,58) . 
Although these results strongly suggest the presence of at least one major gene 
for atopy on chromosome l lq, other independent investigators have been unable 
to confirm this finding (59-64) . 
Studies on the geneti£s of bronchial hyperresponsiveness (BHR). 
An increased incidence of BHR has been described in non-asthmatic parents 
of patients with asthma compared to healthy controls (34,55,65) suggesting a 
heritable component of BHR. In a twin study (7) Hopp and coworkers estimated 
the hereditary component of BHR to methacholine as 66 % . Townley and 
coworkers were the first group to report the results of segregation analysis on 
bronchial responsiveness to methacholine ( 66) . These investigators reported a 
bimodal distribution of bronchial responsiveness in their population. 
Nevertheless, they were unable to exclude genetic or environmental factors, and 
therefore they concluded that the bimodal distribution of the bronchial response 
was not due to segregation at a single autosomal locus. Longo and co-workers 
reported a bimodal distribution of bronchial reactivity to inhaled carbachol in 80 
non-asthmatic parents of asthma patients. They concluded that the BHR that 
exists in asthma families indicates an autosomal dominant pattern of inheritance 
with an incomplete penetrance, which in combination with environmental factors 
result in the development of asthma (55) .  
Studies on lgE 
Total serum lgE can be affected by several factors including allergic 
exposures, and parasitic infections as well as age, gender and smoking status. A 
significant correlation between parent's and children's  total serum IgE levels 
suggests the presence of one or more genes ( 48, 67, 68) . Previous segregation 
26 
The genetics of asthma and atopy analyses on families do not agree on the model of inheritance. However, several studies have found evidence for recessive inheritance of high total serum IgE levels ( 14, 69-71). Martinez and co-workers reported evidence for codominant inheritance in a large sample of families (72). It is important to note that this does not represent conflicting results, but rather reflects the inability to distinguish between two or three underlying distributions which display substantial overlap. 
Linkage studies At the moment there are two chromosomal candidate regions of major interest. The human homolog region of the mouse 13-chain of the IgE receptor on chromosome 1 lq, and the region at chromosome Sq with multiple candidate genes that directly or indirectly regulate IgE production. This latter region includes the interleukin 4 group of cytokines (IL-4, IL-5, IL-3, GM-CSF), IL-9, IL-13 and other cellular growth factors such as FGFA. Cookson and co-workers suggested maternal inheritance of atopic IgE responsiveness on chromosome l lq (12,58) since more affected sib-pairs shared the maternal allele than the paternal allele. Moreover, genetic linkage to chromosome 1 lq  was primarily detectable in maternal derived alleles, using affected sib-pair method (73). Shirakawa and co-workers (74) have recently reported an association between atopy and mutations in the 13 subunit of the high­affinity IgE receptor (Fe epsilon Rl-13) on chromosome l lq. They reported a gene frequency far too low to explain the high existing population prevalence of atopic diseases, providing further arguments for polygenic control of atopy. Recently, Marsh and co-workers described evidence for linkage of a locus for total serum IgE levels to chromosome Sq in an isolated population consisting of 11 Amish pedigrees with a LOD score of 1.84 (13). These investigators did not report evidence favoring one single model of inheritance of total serum IgE levels. Meyers and coworkers reported evidence for recessive inheritance of high IgE levels in 92 Dutch families consisting of 539 individuals (14). They furthermore observed linkage to a marker D5S436 on chromosome 5q31-q33, with a LOD score of 3.56, and a sibpair p value of 0.0003. Since a significant residual component was present in that study, two locus segregation and linkage analyses were performed. Evidence was found for a second major locus, unlinked to the locus on Sq (75). The first locus on chromosome Sq accounted for more than 50 % of the variation in the total serum IgE level while the second locus explained another 19% of the variation in these asthma families. Further studies are necessary to determine the chromosomal location of this second locus. These investigators have also reported linkage of BHR to markers in the same region on chromosome 5q31-33 (76), as shown in figure 2. These findings support the importance of this region in regulating aspects of the allergic and asthmatic phenotype. A mutation in the 132-adrenergic receptor (132AR), localized at Sq, has been reported that could be held responsible for part of the clinical heterogeneity in asthma (77). Asthma patients with this mutation were more 27 
Chapter 3 likely to be steroid dependent. The same mutation had no consequences for subjects in the control group. Two other regions have been linked to characteristics of the asthmatic and allergic phenotype. These are regions coding for the T-cell receptor (TCR) proteins, important because of their central function in the recognition of foreign antigens. The majority of the TCR is made up of a and B chains. The a chain gene, consisting U chain region, is located at chromosome 14, while the B chain is coded at chromosome 7. Moffatt described a genetic linkage from a sibpair analysis between TCR a/U on chromosome 14 and specific IgE responses to common inhaled allergens in two independent populations. No linkage to TCR-B was detected (78). These findings will be useful in dissecting the complex genetic relationship between susceptibility to BHR, allergic disorders and asthma. Additional studies replicating previous studies and positional cloning studies will further define the genes important in the regulation of inflammatory processes in asthma and allergy. These combined genetic and clinical studies will lead to improved therapies and better techniques for early diagnosis of these disorders. 
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Abstract. 
Asthma appears to have a significant hereditary component, although the mode 
of inheritance is not completely understood. To investigate its mode of 
inheritance, we developed an algorithm to classify the phenotype of each family 
member enrolled in a family study on the genetics of asthma. This algorithm was 
applied to 92, two and three generation families, identified through a subject 
(proband) with asthma first diagnosed 25 years ago, based on asthma symptoms, 
pulmonary function testing and bronchial hyperresponsiveness (BHR). The 
algorithm consisted of 5 classes based on the presence or absence of BHR, 
respiratory symptoms, smoking ( >  5 packyears) , airways obstruction (FEV1 < 
95 % CI) , and bronchodilator reversibility ( >  9% predicted FEV1) .  All family 
members were classified as I -definite asthma, 2-probable asthma, 3 -
unclassifiable airways disease 4-chronic obstructive pulmonary disease (COPD), 
and 5-unaffected (without clinical evidence of asthma and COPD) . 
Thirteen of the 92 probands ( 16 %) could not be classified as asthmatic when 
retested 25 years later, because of one of the following: loss of BHR, loss of 
bronchodilator reversibility or a current history of cigarette smoking. Of the 265 
first degree offspring, 49 (19%) were classified as definite asthma (class 1) , and 
an additional 22 (8 %)  as probable asthma (class 2). A large number of offspring 
with clinical evidence of asthma did not have a prior physician based diagnosis 
of asthma and offspring who were identified by the algorithm ( class 1, definite 
asthma) had similar clinical, physiologic and allergic characteristics as those 
subjects with a physician's diagnosis of asthma. The algorithm also identified 
another group of offspring (class 2 and 3) who did not fulfill all of the 
requirements for asthma but did share one or more findings consistent with this 
disease. These results support the usefulness of this approach to classify subjects 
with asthma for genetic epidemiologic studies. They show that reliance on a 
3 1  
Chapter 4 prior physician's diagnosis can result in misclassification or underdiagnosis of asthma. Characterization of the offspring in this family study shows that there is a familial aggregation of asthma and related phenotypes that supports the presence of a hereditary component in asthma. 
Introduction. Since the prevalence and mortality associated with asthma and chronic obstructive pulmonary disease (COPD) have increased worldwide (30,79-81), it is important to investigate the underlying genetic processes and pathophysiologic characteristics that are associated with host susceptibility and the development of these disorders. The investigation of genetic mechanisms should ultimately lead to a better understanding of the pathogenesis and pathophysiology of asthma and other obstructive airways diseases as well as to improved therapeutic and preventive measures (82,83). However, it is difficult to compare and interpret the results of genetic studies without developing a standardized approach for the differential diagnosis of subjects with various forms of obstructive lung disease as well as a logical approach to classify individuals with some of the characteristics or early evidence of asthma. Asthma and COPD are common diseases with a heterogeneous expression and may be difficult to differentiate from each other, especially in older individuals (45,47,80,84). Asthma produces intermittent or chronic symptoms due to episodic airways obstruction. There appears to be a genetic or familial basis (14,55,57,76,85-87) but expression of the disease may be determined by environmental triggers that include allergic, infectious (viral) or other environmental exposures (26,88-94). The relative importance of each of these different modalities in the development and progression of asthma are not completely understood. In contrast, COPD is usually differentiated from asthma by a significant history of cigarette smoking and the presence of progressive, irreversible airways obstruction. However, some cigarette smokers have a clinical syndrome characterized by intermittent symptoms and bronchial hyperresponsiveness that has many similarities to asthma (50,95). Some asthmatics, especially those in older age groups, have fixed or irreversible airways obstruction (96). Furthermore, only a minority of smokers develop severe symptomatic COPD, demonstrating the importance of individual susceptibility even in these subjects to the respiratory effects of cigarette smoke ( 18, 81, 97 -99). Thus, a possible genetic component that regulates individual susceptibility in both of these disorders may be an important risk factor for disease development and progression (100,101). In order to study the epidemiology and familial aggregation of obstructive airways diseases, it is important to distinguish between the various forms of obstructive airways disease. The overall purpose of this study was to develop a method to diagnose and differentiate individuals with asthma from those with obstructive airways diseases and healthy individuals. This approach is the initial step in the investigation of 32 
Characterization of obstructive airway disease . . .  the importance of a genetic component in the development of asthma since accurate phenotype assessment is necessary for genetic epidemiology and positional cloning (102). To accomplish this goal, we studied the members of 92 families ascertained through a proband, a parent with classic asthma first studied between 1962 and 1970 and re-examined in the present study. This allowed us to correct for the effect of age and smoking on the diagnosis of asthma in the parent. In the current study, a comprehensive evaluation was performed on all family members that included pulmonary function testing, histamine bronchial provocation, allergen skin testing, and a standardized respiratory questionnaire. An algorithm (flow diagram) was developed based on clinical and physiological parameters that are considered to characterize the asthma phenotype (96). The algorithm consisted of five classes to differentiate asthma from other forms of obstructive airways disease and healthy individuals. Subsequently, all family members were then classified according to this algorithm. The presence of a prior physician diagnosis or therapy for asthma was compared with current clinical evidence of asthma. These data were examined to determine the usefulness of a prior physician's diagnosis to assess the presence of asthma and to assess whether there is familial aggregation of asthma that is consistent with a significant genetic component. 
Methods 
Study population All probands in the present study were initially studied between 1962 and 1970 at Beatrixoord hospital, Haren, The Netherlands, a regional asthma referral center. During that period of time, symptomatic asthma patients without a current asthma exacerbation were referred to this hospital and admitted for 6 weeks for a standardized, complete evaluation. At the time of initial testing, all probands had asthma symptoms, were hyperresponsive to histamine (PC20 FEV1 histamine � 32 mg/ml (26)), and were less than 45 years of age. In the current study, ninety-two pro bands with their spouses, children, children's spouses and grand children over the age of seven were recruited and evaluated. This study was approved by the medical ethics committee of the University Hospital Groningen, and all participants signed an informed written consent. 
Questionnaire At the first visit, 25 years ago, all patients answered a Dutch version of the British Medical Society Respiratory Questionnaire (25). For current testing this questionnaire was again utilized with the addition of questions covering the following areas: a history of a previous physician's diagnosis or therapy of asthma, the presence of intermittent asthma symptoms associated with known asthma triggers e.g. exposure to exercise, cold air, antigen irritants etc. as well as a more detailed smoking history. For children under age 16, living at home, 33 
Chapter 4 the mother was asked to complete an extended respiratory symptom question­naire for children with additional similar questions as is outlined above. 
Spirometry and bronchodilator testing All pulmonary medication was withheld before testing: i.e. inhaled bronchodilators for at least 8 hr, theophylline, and antihistamines at least 24 hours, and inhaled corticosteroids at least 14 days. Individuals had to be in a stable condition without a history of an exacerbation of asthma during the last 6 weeks. Spirometry was performed in a similar manner during initial and current testing. Two valid measurements of FEV 1 and IVC (inspiratory slow vital capacity) were obtained, using a water sealed spirometer (Lode Spirograph type DL, Lode b.v ., Groningen, The Netherlands) . The FEV 1 values had to be within 3 % to be considered valid and the highest value was recorded (27). At initial testing, reversibility was tested by repeating spirometry 30 minutes after an intramuscular injection of 25 mg Multergan (a potent anticholinergic drug with antihistaminic properties). During current testing reversibility was assessed 20 minutes after inhalation of 800 µg salbutamol (albuterol) administered with a spacehaler. This was performed after the histamine challenge test; FEV 1 had returned to within 5 % of baseline in 99 % of the individuals at the time of bronchodilator testing. Reversibility was defined as a difference of at least nine percent in FEV 1 % predicted ( 103). 
Bronchial responsiveness testing At the time of initial and recent testing, bronchial responsiveness was measured using the 30 seconds inhalation histamine challenge test using methods developed by De Vries (26). Doubling concentrations of histamine phosphate were inhaled (0.03 to 32 mg/ml in children under 12 years of age, and 0.5 to 32 mg/ml in adults). The test stopped if a greater than or equal to 20 % fall in FEY 1 occurred. The final concentration of 32 mg/ml histamine in this method is regularly used to distinguish between BHR and unaffected (8,26,104-107) . When FEV 1 was below 1. 20 liter, histamine bronchial challenge testing was not performed. This occurred in 16 of the probands during current testing. 
Allergy testing At the time of initial testing, intracutaneous allergy skin tests were performed with house dust, mixed molds, mixed grass pollens, mixed tree pollens, mixed spring pollens, mixed weeds, mixed animal dander and feathers, and hay dust. During current testing, all probands and family members (over 12 years of age) had intracutaneous tests with 16 common aero-allergens: mixed grass pollens", 2 mixed tree pollens", mixed weeds", house dust mite· (Dermatophagoides pteronyssinus), storage mites (Lepidoglyphus destructor, Ty­rophagus putrescentiae, Acarus siro), cat-", dog-", horse-", rabbit-/ guinea-pig dander", feather mix, and 5 molds (Aspergillus fumigatus", Altemaria alternata", Cladosporium herbarum, Penicillum notatum, Botrytis cineria). In children under 34 
Characterization of obstructive airway disease . . .  age 12, a skin prick test was performed with the 10 allergens marked with an asterisk. A positive skin test control using histamine, and a negative control using the diluent were always performed. Intradermal tests were considered as positive if the diameter of the weal was at least 5 mm (mean of the larger diameter and the perpendicular diameter), and prick tests were considered positive if the weal diameter was at least 2 mm. Subjects with at least one positive skin test were considered to be atopic. Total serum IgE (IU) was measured by solid phase immunoassay (Pharmacia lgE EIA, Pharmacia Diagnostics AB, Sweden). The mean of a duplicate test was used. The values of the two measurements had to be within 5 % to be considered valid. In the two cases that this level of reproducability was not found, IgE measurements were repeated. 
Algorithm An algorithm to differentiate the asthmatic phenotype from other obstructive airways diseases and from normal unaffected family members was developed, based on the following five clinical or laboratory findings: 1) bronchial hyperresponsiveness (BHR), 2) cigarette smoking, 3) asthma symptoms, 4) airways obstruction and 5) reversibility to a bronchodilator (Figure 1). All individuals were divided into the following five classes (Figure 2): class 1: definite asthma, class 2: probable asthma, class 3: unclassifiable airways disease; class 4: COPD; class 5: unaffected: no evidence for obstructive airways disease. The following decision points were utilized in the development of this algorithm (Figures 1 and 2) : the first step was BHR ( ::;;  32 mg/ml histamine), since BHR is a widely accepted as a sensitive test for asthma (108,109) but is found in other obstructive diseases (50). Subjects with BHR were not classified as 'unaffected' (class 5). Subjects without BHR were not classified as 'definite asthma' ( class 1). Smoking was the second step as it is strongly associated with respiratory symptoms and the development of COPD (50). A subject with a history of more than 5 packyears of cigarette smoking was regarded to have a significant smoking history and was not classified as 'definite asthma' (class 1), the only exception was made in subjects with asthma symptoms that preceded the onset of cigarette smoking .  Thus, subjects with BHR and more than 5 packyears could fall into class 2 to 4 depending on the presence or absence of specific characteristics associated with asthma (BHR, symptoms, reversible airways obstruction). Likewise non-smokers were not classified as 'COPD' (class 4). The third step was the assessment of symptoms by dividing the questionnaire into the following symptom groups: cough, dyspnea, wheeze, and nocturnal symptoms (for specific questions see addendum). The presence of one symptom group in subjects under 16 years of age or two symptom groups in subjects of 16 years of age or older, were considered to be compatible with asthma if associated with other criteria for asthma. A clear history of recurrent 35 
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Figure 1. The asthma algorithm applied for classifying research subjects. BHR; bronchial hyperresponsiveness defined as PC20 :'.5: 32 mg/ml histamine. PY; Amount of 
packyears. Sympt; Number of pulmonary symptoms reported. Obstr; airways obstruction defined as FEV1 :'.5: 95 % CI. Rev; Reversibility of airways obstruction defined as 
increase in FEV 1 ;;::: 9 % of FEV 1 predicted after use of a bronchodilator. 
' 1 ' :  class 1 ,  asthma. '2 ' :  class 2, probable asthma. ' 3 ' :  class 3, uncertain, asthma or COPD. '4' : class 4, COPD. '5 ' :  class 5, nor asthma nor COPD, unaffected. 
Characterization of obstructive airway disease . . .  
Sequence o f  Flow C hart (Algor i thm) f o r  d i ffere nti al d i agnosis 
of  asthma and  o bstruct ive l u ng d i sease 
Bronch ia l  Hype rrespo ns iveness 
PC20 H istamine :5 32 mg/ml 
Cigarette Smoking 
:, 5 pack ye ars 
Asthma Sym ptom G ro u ps 
(wheeze,  cough,  
dyspnea,  asth ma attacks) 
A i rways Obstru ctio n 
FEV 1 :; 95% C l  
Revers ib i l ity 






Figure 2. The sequence variables used in the algorithm for differential diagnosis of asthma and COPD. 
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Chapter 4 asthma attacks were considered strong evidence of asthma and was given the same significance as positive answers to two symptom groups. Fourth, while airways obstruction (FEY 1 � 95 % confidence interval of FEY 1 predicted) may not be present in all patients with asthma, it is an important component in the diagnosis of COPD. Thus, the absence of airways obstruction did not exclude asthma if an individual had BHR and asthma symptoms .  The presence of airways obstruction is consistent with either one of these disorders. However, in asthma, airways obstruction should be reversible (increase in FEY 1 � 9%  predicted (103)), which is the fifth step in the algorithm. In COPD, there may be no or only a small degree of reversibility after the administration of a bronchodilator (96, 110). 
Statistical analyses The data were analyzed using the computer program SPSS/PC +. Results were expressed as mean ± standard deviation, or as the median with the range if the variable was not normally distributed. PC20 , slope and lgE levels were log tranformed and results presented as geometric means. Comparisons between groups were made using a student's T-test, and p values < 0.05 were considered significant. 
Results 
Subject characteristics We tested 534 subjects in 92 families : 92 probands, 92 spouses of probands 265 first degree offspring, 30 spouses of first degree offspring and 55 second degree relatives (Table 1). Twenty-five family members including 20 probands and 5 first degree offspring were unable to stop oral or inhaled corticosteroids prior to testing. Twenty-three of these 25 subjects were hyperresponsive when tested. The majority of family members including the probands meeting criteria for definite asthma were found to be allergic. 
Probands at initial and current testing There were more male than female probands. While all probands were hyperresponsive to histamine initially, nine probands ( 10%)  had no measurable bronchial hyperresponsiveness during current testing. All nine reported asthma symptoms, and two had airways obstruction. In 16 probands, baseline lung function was too low to safely permit histamine bronchial challenge testing (FEY 1 < 1,2 liter), and in one, spirometry meeting ATS standards could not be performed (27). In two of these 16 subjects airways obstruction was not reversible with salbutamol. 38 
Table 1 .  Subject characteristics of 92 asthma families. probands spouses offspring '62-'70 '91 -'94 probands offspring pt degree 2nd degree 
--n 92 92 30 265 55 Gender (o :  � )  53:39 39:53 20: 10  129: 136 27:28 Age, yrs 27 ( 13-44) 5 1  (37-7 1 )  5 1  (36-72) 39 (30-54) 25 (8-48) 14 (7-25) Current smoking, % no data 27.2 33.7 56.7 38.9 12.7  Physician diagnosis, % 100 - 4.3 10.0 16.2 9. 1 PC20 ::;; 32 mg/ml, % 100 90.2 16.3 23.3 35. 1 36.4 PC20 ::;; 1 6  mg/ml, % 90.2 79.3 9.8 13.3  19.6 14.5  FEV 1 % pred, % 63.4 69.6 98.8 99.3 94.8 96.6 FEV1%pred < 80%, % 72.8 54.3 7.6 13. 3  9. 8 10.9 FEV1 ::;; 95% CI, % 84.8 70.7 14. 1 20.0 1 8.5  7.3 LlFEV 1 � 9 %pred, % 91.3 62.0 19.6  20.0 23.8 20.0 Atopy, % 91.3 76. 1 22.8 30.0 53.6 29. 1 lgE, IU no data 85. 1 25. 1 35.5 60.3 61 .7  All values a s  mean (SD) o r  median (range), o r  i n  the lgE; geometric mean (%sd) . Current smoking; percentage current smokers at the time of testing. Physician diagnosis; percentage of subjects reporting a prior physician diagnosis of asthma. PC20 ::; 32 mg/ml; percentage of subjects showing a 20 % fall in FEV 1 ::; 32 mg/ml histamine (or ::; 16 mg/ml). FEV 1 %pred; FEV 1 as percentage of FEV1 predicted. LlFEV 1 ; increase in FEV 1 after inhalation of 800 µg salbutamol. Atopy; at least 1 positive allergy skin test. 
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Spouses Fifteen out of the 92 spouses ( 16%)  had BHR (Table 1). Eight of these 15 reported asthma symptoms, and four had airways obstruction, in one of the spouses it was not reversible after a bronchodilator. Three of these 15 spouses with BHR reported asthma attacks and a prior physician's diagnosis of asthma. In the spouses of offspring (n =30), seven had BHR, two reported asthma attacks, and one had a prior diagnosis of asthma. Thus, the probands was the primary affected parent in these families. 
Offspring The first degree offspring were of comparable age to their asthmatic parents at initial testing (mean age 25 and 27 years, respectively, Table 1). BHR was present in 93 (35 %), 3 1  of these reported no pulmonary symptoms while another 3 1  reported a prior physician's diagnosis of asthma. In the 265 first degree offspring, 49 showed airways obstruction at the time of testing, 25 of them with BHR and 15 of them with a physician's diagnosis of asthma. Eighteen of these subjects with airways obstruction did not report pulmonary symptoms and 30 did not have reversibility of their airways obstruction. In the second degree offspring, 20 subjects showed BHR (36 %), two reported a physician's diagnosis of asthma, and three had airways obstruction with asthma symptoms. 
Atopy Initially, 91  % of the pro bands had at least one positive allergy skin test, and considered atopic. During current testing, approximately 25 years later, only 7 6 % was atopic (Table 1). In the first degree offspring 54 % showed atopy, while in the second degree offspring, the spouses of probands and offspring these were 29 % , 30 % and 23 % respectively. Three out of the eight probands who were initially skin test negative developed a positive skin test. The geometric mean of the total serum lgE levels was higher in the pro bands (85 . 1  IU) and the first and second degree offspring (60.3 and 6 1.7 IU respectively) than in the spouses of the probands and offspring (25. 1 and 35.5 IU respectively). At the time of initial testing, total serum lgE was not measured so comparison with the current testing results were not possible. 
Algorithm The 92 probands were classified twice with the algorithm using data from initial and current testing. The initial data were used to control for the confounding effect of increasing age and cigarette smoking. Probands with an FEY 1 too low to permit a bronchial challenge test during current testing were assumed to have BHR. The results of the classification of the probands and spouses using the algorithm are shown in Table 2. Using the initial lung function and questionnaire data: 80 pro bands were classified as class 1 ( definite asthma), nine as class 2 (probable asthma), two as class 3 (uncertain) and one was classified as class 4 (COPD). Using their current data there was an increased 40 
Table 2. Results of algorithm in probands and spouses of 92 asthma families. probands probands spouses of spouses of Class '62-'70 '91-'94 probands offspring n (%)  n (%)  n (%)  n (%)  1 'asthma' 80 (86.9) 67 (72.8) 2 (2.2) 3 (10.0) 2 'probable asthma' 9 (9.8) 9 (9.8) 7 (7.6) 1 (3.3) 3 'asthma or COPD' 2 (2.2) 13 (14.1) 16 (17.4) 3 (10.0) 4 'COPD' 1 (1.1) 1 (1.1) 5 (5.4) 4 (13.3) 5 'unaffected' 1 (1.1) 62 (67.4) 19 (63.3) not tested* 1 (1. 1) total: 92 92 92 30 *: One proband could not perform lung function testing. 
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number of probands assigned to class 3 (uncertain) which was due to three 
factors: loss of BHR, increase in number of packyears of smoking and/or 
irreversible airways obstruction. 
Although most spouses were non-asthmatic (class 5) ,  5 spouses met criteria 
for class 1 ( definite asthma) and two of these reported a physician's diagnosis of 
asthma. Eight spouses met criteria for class 2 (possible asthma). Six of these 
showed BHR, five reported respiratory symptoms and four had a prior 
physician's diagnosis of asthma. Of the four spouses with a physician's 
diagnosis, two with BHR reported asthma attacks but were smokers prior to the 
onset of asthma symptoms. The other two reported asthma attacks but did not 
have BHR. One of the 8 1  spouses classified as unaffected (class 5) reported a 
prior physician's diagnosis of asthma but did not have BHR, airways obstruction, 
nor reported asthma attacks. 
In the 320 first and second degree offspring, there were 113 with BHR. 
Most of these were non-smokers and were classified as class 1 to 3 depending on 
symptoms (Figure 4). Five of the nine offspring with BHR but a history of 
smoking were classified as class 3 (uncertain) and the others were divided 
between classes 1, 2 and 4 depending on onset of symptoms in relationship to 
smoking and airways obstruction. Seventy-six percent (n = 157) of the 207 
offspring without BHR were classified as class 5 (unaffected) (Figure 3). The 
others were divided between class 3 or 4 except for nine offspring assigned to 
class 2. 
The relationship between a physician's diagnosis of asthma and the 
presence or absence of BHR in the 320 first and second degree relatives is 
shown in Figure 5 .  Of the 33 offspring with a physician's diagnosis of asthma 
and BHR, 32 were classified as 'asthma' (class 1) and 1 as 'uncertain obstructive 
airways disease' (class 3) because of a significant smoking history. The fifteen 
individuals without BHR but with a physician's diagnosis of asthma all reported 
symptoms. Four of these were classified as unaffected (class 5) because they had 
no evidence of pulmonary disease although three were smokers. All of the 
remaining 11  were classified as having some evidence of lung disease (3 in class 
2, 6 in class 3 and 4 in class 4). There were 192 relatives without a physician's 
diagnosis of asthma or BHR (Figure 5) .  The majority of these were classified as 
unaffected (n= 153) . It is of interest that there were 80 subjects with BHR and 
no physician's diagnosis of asthma . Twenty-one of these met criteria for class 1 
(definite asthma) and 20 met criteria for class 2 (possible asthma) . Two were 
classified as COPD (class 4) and 37 as uncertain airways disease (class 3) .  In the 
offspring classified as definite asthma (' 1 ') the two groups with and without a 
prior physician's diagnosis of asthma were compared (Table 3) . The group with 
a prior physician's diagnosis of asthma showed a lower geometric mean of the 
PC20 than the group without a prior diagnosis. There were no other significant 
differences between the two groups. 
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1 6 . 8 %  Figure 4 .  Asthma classification o f  first and second degree offspring o f  92 asthmatic probands. Class 1 :  definite asthma, class 2; prnbable asthma, class 3: uncertain, asthma or COPD, class 4: COPD, class 5: nor asthma nor COPD, unaffected. 
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Table 3. First and second degree offspring classified 'definite asthma' (class 1), stratified for a prior physician's diagnosis of asthma. n = 53 Prior Physician's diagnosis of asthma Yes No p Number (n) 32 21 Gender o:� 16:16 11:10 0.87 Age, years 22.4 (6.7) 19.6 (8.1) 0.20 Smoking > 5 py, % 3.1 ns Packyears 0.98 (2.3) 0.69 (1.1) 0.53 Symptoms, (0-5) 2.3 (1.3) 2.5 (1.1) 0.60 PC20 s 32 mg/ml, % 100 100 ns PC20 , mg/ml 3.5 (3.8) 10.4 (3.2) 0.003 Airways obstruction, % 34.4 14.3 0.09 FEV1 % pred, % 87 .6  (14.1) 91.1 (8.1) 0.31 FEV/FVC, % 77.2 (10.8) 82.2 (8.7) 0.07 Reversibility, % 43.8 33.3 0.45 lgE, IU 219 (4.8) 107 (4.7) 0.11 Atopy, % 93.8 76.2 0.10 All values as mean (SD) or median (range) , or in the PC20 and lgE; geometric mean (%sd). Packyears; amount of years smoking 20 cig/day. Symptoms; symptoms from questionnaire. PC20 s 32 mg/ml; percentage of subjects showing a 20% fall in FEV 1 s 32 mg/ml histamine. Airways obstruction; FEV1 s 95% Cl. Reversibility; LiFEV 1 � 9 %pred, improvement in FEV 1 % predicted after inhalation of 800 µ,g salbutamol. Atopy; � 1 allergen skin test � 5 mm .  44 
+ 
BHR  
Characterization of obstructive airway disease . . .  
Pr io r  phys i c i an ' s  d i agnos i s  
of asth m a  
'yes'  ' no '  
33 80 
1 5  1 92 
48 272 
1 1 3  
207 
320 
Figure 5. Comparison of a physician's diagnosis of asthma with a positive or negative histamine challenge test (BHR) in the 320 first and second degree relatives. 
Discussion. Epidemiologic and genetic studies in asthma require accurate separation of individuals with asthma from those with other obstructive airways diseases such as COPD and from 'healthy' individuals. This is important since misclassification of individuals may under- or overestimate the presence of asthma in genetic studies . This study shows that it is feasible to develop a logical method to diagnose and differenciate individuals with asthma, based on both objective and subjective measures. Asthma has previously been defined on the basis of questionnaires, or a prior physician's diagnosis of asthma. However, it is important to develop a more comprehensive approach based on all available clinical information, including both subjective (questionnaire data) and objective measures (pulmonary function tests) to define the asthma phenotype. Some individuals may have BHR but nevertheless deny any pulmonary symptoms or a physician's diagnosis of asthma. Conversely, individuals with asthmatic symptoms may lack the presence of BHR. A prior physician's diagnosis of asthma was not used in the algorithm for classification in order to be able to compare its reliability with the results of the algorithm. This study shows that a large number of offspring with clinical evidence of asthma do not have a prior physician's diagnosis of asthma. Eventhough they had either symptoms and/or bronchial hyperresponsiveness, they denied having asthma, and had not seen a physician. Some individuals 
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compared their incidental dyspnea with the dyspnea of their affected parent (the proband) and thought their own symptoms insignificant. One even used his parent's asthma medication, but considered himself non-diseased. Thus, a physician's diagnosis of asthma seems to be an invalid method for epidemiologic and genetic purposis since it may result in underestimation of the true prevalence of the disease. The approaches oulined in this paper are based on objective assessments. They should be useful in ongoing or future studies to more accurately assess the worldwide prevalence and incidence of asthma. This algorithm is based on the presence or absence of asthmatic symptoms, cigarette smoking, as well as objective laboratory testing including spirometry with reversibility, and bronchial responsiveness to histamine. In the algorithm, the parameters age, gender, and atopy, are not included because they did not affect the ultimate classification. In addition, avoiding these parameters prevents the bias recognized in a physician's diagnosis, since physicians tend to label individuals differently according to social class, age, sex, smoking and atopic status (111-113). Physicians are more likely to label older males as emphysematous and females as asthmatic or bronchitic (114), and to favor a diagnosis of asthma in the presence of atopy since many asthmatics are allergic. However, one cannot deny or confirm asthma based on the atopic status of an individual, especially not in older individuals. A skin test negative individual in this study meeting all criteria for class 1 would still be classified as asthmatic. The latter is supported by the observation that 17 probands 'lost' atopy based on skin test results after 25 years. Age was not used in this decision tree but was included by equating one symptom in a child under age 16 with two symptoms in adults. Nevertheless, age is important in the clinical expression of asthma. If the initial data on the probands had not been available, some of them would not have been identified as asthmatics during current testing. Of the initial 80 subjects in class 1, 67 (84%) remained classified as '1 ', and 11 would not have been classified as asthmatic because of the confounding effect of smoking. Another advantage of this data set was the ability to avoid the problem of age difference between the generations, since the age of the probands at their first evaluation was approximately the same as the age of the first generation offspring when they were tested. Bronchial hyperresponsiveness generally correlates well with the occurrence and the severity of pulmonary symptoms in a community population (115). This data confirms observations by Rijcken et al. (8,105), that many asymptomatic individuals may have BHR. In this study, 41 (36 % ) of the BHR subjects were asymptomatic. The subjects without asthma attacks or other pulmonary symptoms were consequently not classified as 'definite asthma' (class 1), but neither as unaffected (class 5) since it has been shown that individuals with asymptomatic BHR may develop asthma in later life (3). Therefore, asymptomatic subjects with BHR, not responding to a bronchodilator were classified as 'uncertain' (class 3) in this algorithm. Subjects who showed reversibility were classified as 'probable asthma' (class 2). Finally, subjects with irreversible airways obstruction were classified as 'COPD' (class 4) in the smoking group, and as 'uncertain' (class 3) in the non-smoking group whether 46 
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Introduction As described in other chapters, family studies on asthma may be complicated by problems in defining the 'affected' phenotype. However, compared to many other disorders (such as mental illness), there are quantitative measures that reflect the clinical expression. For example high total serum IgE levels correlate with the clinical expression of both allergy and asthma (16,29,116,117), and epidemiological studies have shown a relationship between IgE levels and BHR, a major component of the asthma phenotype (3,29,43). Approximately 30 % of the variance in bronchial responsiveness is explained by an individual's total serum IgE levels (16,29). Therefore, the results from segregation and linkage studies on total serum IgE levels will be important for mapping genes for the allergic and asthmatic phenotypes. 
Genetic epidemiology Total serum IgE levels are known to change with age. After a rapid increase in infancy, there is a gradual increase until puberty, when total serum IgE levels tend slowly to decrease (118-122). IgE levels are also affected by other factors, including gender, ethnicity, environmental factors such as parasitic infections, recent allergen exposure, and smoking (123-127). Magnusson (128) reported that cord-blood IgE concentrations were elevated in smoking mothers, and that maternal smoking after birth is associated with an increased risk of allergy in infants, although different studies could not confirm this finding ( 120,129). Other studies reported an influence of the month of birth on the infant's risk of atopy and high serum IgE levels (130-132). 
Genetic component Significant familial aggregation of the phenotypes associated with asthma and allergy has been described in numerous studies, but this does not always imply a genetic basis. Familial aggregation can be caused by common environmental factors or by an interaction of environmental and genetic factors that can influence the perceived pattern of inheritance. The presence of familial aggregation for high serum IgE levels, after adjusting for all known 49 
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environmental factors, provides evidence for a genetic component. Meyers et al. 
(68) investigated the association of total serum IgE levels in 278 individuals of 
42 random families, and showed a significant correlation between parents and 
offspring (p < 0.05), and an even stronger correlation among siblings (p < 
0.001). 
The excess risk for relatives can also be expressed as the risk ratio 
(lambda), which is the relative's risk compared to the prevalence within the 
population. These risk ratios can be used to postulate the number of loci 
involved in the disorder (38, 133). However, they are very sensitive to accurate 
estimates of the population prevalence, which often differ significantly between 
studies and populations. In addition, they are usually used for qualitative 
measures (presence or absence of disease) and not for quantitative measures such 
as total serum IgE levels. Although it may be possible to define 'high' levels as 
a phenotype, it is probably better to utilize heritability estimates instead. 
Twin studies 
Twin studies showed that total serum IgE levels are under strong genetic 
control. Heritability, the ratio of genetic variance to the total variance, is often 
used to express how much of the familial aggregation is due to a genetic 
component. In twin studies with monozygotic (MZ) and dizygotic (DZ) twin 
pairs, the difference between the disease frequency in MZ and DZ twins 
provides an indication for heritability, while the difference within MZ twins is an 
indication of environmental influence. In a twin study by Hopp et al. , the 
intrapair correlation coefficient for IgE levels was 82 % in the 6 1  MZ twins and 
52 % in the 46 DZ twins, showing an overall heritability of 61  % (7) . 
Segregation Analyses 
Segregation analysis is used to determine whether there is evidence for at 
least one major gene regulating the trait of interest. Data on the segregation 
pattern of the trait, here total serum IgE levels, from parents to children is tested 
for the fit of several genetic models and nongenetic models. 
The method of ascertainment of families is very important in segregation 
analysis. For example, the selection of families with an affected child and parent 
could bias the results of the analysis in favor of a dominant model of inheritance. 
Thus, one needs to correct for ascertainment bias in this analytical method. 
Segregation analysis on total serum IgE levels is usually performed to test 
whether the segregation of IgE levels is consistent with a major gene model with 
two alleles, 'L' for 'low' levels (gene frequency = Ch,) and 'H' for 'high' levels. 
For each model, the means (µLL, µLH , µHH) and variances for the three 
distributions representing the three types of individuals (LL, LH, HH) are 
estimated. Individuals of type LL, LH, HH transmit the L allele with 
probability: rLL• rLH , rHH respectively. Under a Mendelian model, these 
parameters are restricted to rLL = 1.0, rLH = 0.5, rHH = 0.0. The 
parent-offspring (Ppo) and sib-sib (p55) correlations may be constrained to be 
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equal, since this represents the conventional 'mixed model' ( 134). The likelihood 
ratio test is used to compare hierarchical models and approximates a x: 
distribution. To compare nonhierarchical models, Akaike's information criterion 
(AIC) ( 135) is used (-2 ln L + 2k, where k is the number of parameters 
estimated in the model). 
Several models should be tested. The first is a general model - a model 
without restrictions for any of the previously mentioned parameters. Because all 
parameters are estimated without restrictions, this model, per definition, gives 
the best fit to the data, and the best likelihood. There are three Mendelian 
models, a recessive, a dominant, and a codominant model, testing for a single 
locus model. In a dominant and recessive model the µLH is fixed to be the same 
as µLL or µHH, respectively; in the codominant model, however, the three means 
are estimated. In a polygenic model, we hypothesize that there are many genes 
involved which makes it impossible to estimate the separate distributions. In the 
environmental, or sporadic model, the transmission probability (r) is the same as 
the gene frequency, while the means (µ) are not restricted. 
The best-fitting model can be determined by comparing the likelihoods from 
the several models tested with the likelihood of the general model. Models that 
significantly differ from this general model can be rejected. Estimates of gene 
frequency, and mean values for 'high' and ' low' lgE phenotypes are obtained. 
The best-fitting model and its estimates can be used in subsequent linkage 
analysis. 
Our analyses on data from 92 Dutch families will be described as an 
example of this type of analysis. We tested 92 families ascertained through a 
parent, the proband, with asthma diagnosed approximately 25 years ago in 
Holland ( 14). During the last three years, the probands and their families have 
been reevaluated. Total serum lgE (IU) was measured by solid phase 
immunoassay (Pharmacia lgE EIA, Pharmacia Diagnostics AB, Sweden). The 
mean of duplicate tests was used for the lgE level. The test was repeated if the 
difference between duplicates was > 5 % . 
The log[lgE] data were analyzed by fitting the class D regressive models of 
Bonney ( 136) as implemented in SAGE (137). Age was included as a covariate, 
since there was a significant correlation between age and total serum lgE levels 
in the overall sample. There was no significant correlation between gender and 
log[lgE] levels in this sample, and similar results were obtained when the 
segregation analysis was repeated including gender as a covariate. An 
ascertainment correction was not used because the families were ascertained 
through one parent with asthma, and not through affected offspring. Since 
individuals with asthma may have an increased lgE level, this may bias the 
estimate of the gene frequency but should not affect the segregation pattern 
observed in the offspring. The results of the segregation analysis are shown in 
Table 1 ( 14). It shows six different genetic models with their estimates for the 
parameters described in a previous paragraph. It shows clearly that the AIC (a 
measure of likelihood) for the recessive model is the lowest, marking it as the 
5 1  
Chapter 5 most parsimonious model for inheritance of serum lgE levels. The estimates of the mean levels for the 'low' and 'high' phenotypes in this study appear clinically relevant (38 IU and 437 IU, respectively). In this study, only recessive inheritance of 'high' levels gave a good fit to the data; the other genetic and nongenetic models could be rejected. The codominant model had a similar likelihood, but since an additional parameter was estimated, similar results to the recessive model were obtained but not significantly better (AIC). 
Other segregation analysis studies In several other studies, evidence for recessive inheritance of 'high' total serum lgE levels has been found with different estimates for gene frequency and for mean levels in the 'low' and 'high' phenotypes (69,138,139). Blumenthal studied several large pedigrees and reported evidence for genetic heterogeneity in the mode of inheritance (140). In an inbred Amish population, evidence for codominant inheritance has been reported ( 141). In another study on large Mormon families, however, evidence for polygenic inheritance was found (11). In a recent, large study of 50 Hispanic families, and 241 non-Hispanic white families, Martinez et al. showed significant familial correlation coefficients between mother and offspring, father and offspring, and between sibs, all p values < 0.0001 (72). The results of their segregation analyses showed evidence for a codominant mode of inheritance, as shown in Table 2. For their analyses, they used the logarithm of the total serum lgE levels, corrected for age and gender, by obtaining Z scores, and normalized the distribution using the standardized Box-Cox transformation. Their analyses show the same codominant model in both ethnic groups separately, and when analyzed together. A test for genetic heterogeneity across the ethnic groups was not significant, meaning that there is no evidence for a difference in mode of inheritance between the two groups. It is important to note that the difference in the best-fitting models of inheritance in the studies mentioned do not necessarily represent conflicting results. Rather, it reflects the inability to distinguish between two or three underlying distributions of the mode of inheritance of total serum lgE levels, which display substantial overlap. In the smaller study of Meyers et al. the recessive model was the best-fitting model although the codominant model was not rejected (14). However, in the larger study of Martinez et al. , they were able to obtain evidence for three distributions fitting a codominant model of inheritance (72). It is simply a question of whether it is possible to distinguish 'gene carriers' from 'unaffected' family members. 
Two-locus segregation analysis. Although evidence for a major gene maybe obtained from segregation evidence, this does not mean that there is necessarily only one locus involved. In 52 
Table 1 .  Results of segregation analysis for serum lgE levels in 92 Dutch asthma families. 
(Results from Meyers et al. ) 
Model General Codominant Dominant Recessive Polygenic Sporadic Note: ( ) [ l q,. tLL 'tLII 0.60 ( 1 .00) 0.30 0.39 [ 1 .00) (0.50) 0.84 [ 1 .00} [0.50} 0:46 [ 1 .00} [0.50] [ 1 .00] 0.3 1 qi. qL Estimate meet boundary. Estimate fixed. 't11u (0.00) [0.00) [0.00) [0.00] qL µLL µLIi µ111, 6sp 6po -2ln(L) 1 .26 1 .60 2.65 -0. 1 9  O.Q7 1 040.7 1 .66 1 .49 2.53 -0.02 0.29 1046.6 1 .62 [2.55} 2.55 -O.o7 0. 1 8  1065.7 1 .58 [ 1 .58] " 2.64 0,03 0.27 1 047.6 1 .89 -0.01 0.30 1 069.2 1 .43 1 .65 2. 1 1  -0.02 0.36 I 06 1 .6 AIC 1 062.7 1 062.6 1 079.7 106 1 .6 1 079.2 1 077.6 
Table 2. Results of segregation analysis for serum lgE levels in 241 non-Hispanic white families. 
(Results from Martinez et al.) 
Model General Environment Codominant Dominant Recessive Sporadic Note: ( ) [ 1 qL 'tLL 'tLH 0.27 ( 1 .00) 0.48 0.37 qi. qL 0.37 L l .00] [0.50] 0.7 1 [ 1 .00] [0.50] 0.29 [ 1 .00] [0.50] [ 1 .00] Estimate meet boundary. Estimate fixed. 't11H (0.00) qL [0.00] [0.00] [0.00] µLL µLH µIIH Osp 6po -2ln(L) AIC 1 .49 0.46 -0.74 [0.00} [0.00] 2,426.3 2448.3 0.34 0.53 - -0.7 1 [0.00] [0.00] 2498.2 25 12.2 1 . 1 9  0.34 -0.76 [0.00] [0.00] 2428.4 2442.4 0.62 [-0.60] -0.60 [0.00] [0.00] 2449.2 246 1 .2 0.63 [0.63] -0.60 [0.00] [0.00] 2445.7 2457.7 0.02 0.02 0.02 [0.00] (0.00] 2500.7 2508.7 X,;. df p-value 5.9 4 > 0.05 25.0 3 < 0.05 6.9 3 > 0.05 28.5 < 0.05 20.9 3 < 0.05 x'- df p-value 7 1 .9 2-4 < 0.0001 2 . 1  2-4 < 0.3 20.8 1 < 0.000 1 1 9.4 I < 0.0001 74.4 6-7 < 0.0001 
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the Dutch asthma family data, there was evidence for significant residual 
variance from the segregation analysis, suggesting an additional genetic 
influence. Therefore, two-locus segregation and linkage analysis was performed 
to determine whether a portion of this residual variance was due to a second 
major locus (75). The log[lgE] data were analyzed by fitting two-locus models 
using the computer package PAP (142) . Analysis was performed to determine 
whether the segregation of lgE levels was consistent with two loci (D 1, D2) each 
with two alleles (A,a and B,b). For each model, the following parameters were 
estimated: gene frequency for the alleles at each locus (CIA, qa = 1- CIA; q8 , qb = 
1- CIB), the recombination fraction between the two loci ( q), the means (µ' s) for 
the nine possible distributions representing the nine types of individuals (AABB, 
AABb, AAbb, AaBB, AaBb, Aabb, aaBB, aaBb, aabb) with a common standard 
deviation (a) , and heritability (h2) which is a measure of the residual variance. 
Different two-locus models were tested by constraining various means to be 
equal. Although multiple two-locus models including dominant models were 
tested, the two-locus recessive models with epistasis were the most parsimonious 
(Table 3). Five different recessive models (II - VI) were tested and had similar 
AICs (all between 1054. 3  and 1056. 1). Models IV and V were the most 
parsimonious. Both of these models and a heterogeneity model (model VI) had 
relatively high residual variances (h2 = 0.40, 0 .42, 0 .46 respectively) compared 
to models II and III (h2 = 0 . 15, 0 . 13 respectively). These five models were 
more likely, based on their AICs, than the two-locus codominant (general) 
model. The two-locus model was significantly more likely than the one-locus 
recessive model, model I versus model VII, x2 = 14 .9, d. f. = 7, p < 0.05). 
No evidence for linkage between the two loci was observed for any of the 
models. 
The first locus explains 50.6 %  of the variance in total IgE levels, and the 
second locus explains 19% of the variance. Considered jointly, the two loci 
account for 78.4 % of the variance in total serum lgE levels. However, this may 
represent an overestimate, since the families were ascertained through an 
asthmatic parent. This study provides evidence that there are at least two loci 
involved in regulation of total serum lgE levels. 
Linkage analyses 
The purpose of linkage analysis is to delineate major gene(s) by 
demonstrating co-segregation of the disease with polymorphic DNA markers. A 
polymorphic marker is usually not a specific disease-related gene but is a 
chromosomal marker with multiple alleles that can be characterized in all family 
members and followed through different generations. For example, one can test 
the hypothesis that children with high total serum lgE level inherited the same 
marker allele from their parent with high levels, and that the unaffected offspring 
inherited the other allele. The results of linkage analyses are expressed in LOD 
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Table 3 :  Two locus analysis for log [total serum lgE] levels 
means (µ ) 
AABB AaBB aaBB D5S436 
Model 4A 4B AABb AaBb aaBb CJ h 2 - 2 l n L  LOD 
AAbb Aabb a a b b  (AIC) (8) 
� 
I. Codominant 0.54 0.36 1 .3 1  0.45 1 . 89 0 .30 0.09 103 1 .3 4.86 
1 .04 1 . 39 2.63 ( 1 057 . 3 )  (0 .08)  
1 .7 1  2 .05 2 . 82  
Recessive inheritance of 'high' levels with epistasis 
II. 0.54 0 .36 1 . 34 0 .46 1 .97 0 .3 l 0. 1 5  l 032 . 1 4 .64 
1 .05 1 .40 (2 . 73 )  ( 1 056 . 1 )  (0 .08 )  
1 . 7 1  2 .05 (2 .  7 3 )  
III. 0.56 0 .3  l 1 .37 0.42 (2 . 7 1 )  0 .32 0. 1 3  1 033 . 6  4.67 
0 .96 1 .40 (2 .  7 1 )  ( 1 055 . 6 )  (0 .09) 
1 .5 7  2 .02 (2 .  7 1 )  
IV. 0.44 0 .72  1 .45 1 .29 [2.09] 0 .36  0 .40 1 034 .3  1 .99 
0 .56 1 . 59 (2 . 68 )  ( 1 054 .3 )  (0 . 1 0 ) 
[2.09] (2 . 68 )  (2 . 68 )  
V.  0.74 0.43 1 .47 0.54 (2.68) 0 .37 0 .42 1 034.4 1 .61 
1 .27 1 .60 ( 2 . 6 8 )  ( 1 054 .4)  (0 .  l 0)  
2 .08 ( 2 . 6 8 )  (2 . 68 )  
Heterogene i ty 
VI. 0.50 0.76 1 .48  0.66 (2 .52)  0.4 1 0.46 1 037 .6  0 .4 1  
1 .46  1 .60 ( 2 . 52 )  ( 1 055 .6 )  (0 .04) 
(2 .52)  (2 .52)  (2 .52)  
Qne- lQcy� 
VII. Recessive 0.4 1 ( 1 . 3 6 )  ( 1 . 36 )  2 . 38  0.5 1  0.49 1 046.2 3 .00 
( 1 056.2) (0 . 1 0) 
( ) , [ ] represents means that were constained to be equal under the given model. 
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Chapter 5 scores, which are the logarithm of the odds ratio. A LOD score of 3 represents odds of 1000: 1 favoring linkage between the marker and the trait. To perform this analysis, it is necessary to have a segregation model for the disease or trait. In the Dutch families, two-point LOD scores were calculated using the best­fitting genetic model from the segregation analysis. In the Dutch asthma family study, linkage analysis was also performed using the sib-pair method ( 14,63). In sib-pair analysis , we test whether two siblings with the same affection status ( of similar levels of total serum IgE) inherited the same marker alleles. This method is based on sharing of marker alleles identical by descent from each parent and is not dependent on the genetic model from the segregation analysis. Basically, a regression analysis is performed for the squared difference in log[IgE] levels between sibs and the estimated proportion of marker alleles identical by descent. In the presence of linkage, sibs who are identical by descent for the marker would be expected to have similar IgE levels, and those not sharing marker alleles would be expected to have a bigger difference in their IgE levels. 
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Figure 1 .  Results of sib-pair analysis on log[total serum IgE levels]. In testing for linkage to 5q, sib-pair analysis was performed and resulted in a p value of 0.002 with D5S399, a marker tightly linked to D5S393, one of the markers typed in the Dutch study (Figure 1). They performed LOD score analysis assuming dominant inheritance of 'high' serum lgE levels. For D5S399 a LOD score of 1.3 at 0.0 recombination was obtained. The highest LOD score reported was 1.84 for the marker D5S210 with a recombination fraction of 0.0 (Figure 2). Five other markers spanning over 20 cM also showed 0.0 recombination with total serum IgE levels, probably because of the marked overlap between the distributions of low and high lgE levels in this inbred population. Thus, although both studies reported evidence for linkage to 5q, the results do not appear to specify one gene candidate within this large region containing multiple candidate genes. 
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Figure 2. Results of two-point linkage analysis on log[total serum IgE levels] . 
LOD from the previous one locus analysis (14)) for the most likely two-locus 
models . This procedure is described as the MOD score method, maximizing the 
LOD score over several genetic models (146) . Except for the general model , 
where more parameters were estimated, one of all the models had the highest 
LOD (4 . 67 at 9%  recombination compared to 3 .00 at 10 % recombination 
obtained from the one-locus analysis) , increasing the evidence for linkage to this 
region. An increase in the LOD was also observed for D5S393 and FGFA. No 
positive LODs were obtained when the second locus was tested for linkage to 
5q. Therefore, it appears that only the locus accounting for the highest 
percentage of the variability in the total serum lgE levels maps to this candidate 
region, and there is at least one additional locus mapping elsewhere in the 
genome. 
Summary 
Since total serum IgE levels are correlated with the clinical expression of 
allergy , bronchial hyperresponsiveness , and asthma, it represents an important 
quantitative parameter that can be used to map genes for these complex 
disorders . From segregation analyses it appears that there are at least two major 
loci involved in determine an individual ' s  total serum IgE level in addition to 
environmental factors . 
The locus with the strongest influence on total serum IgE levels has been 
mapped to chromosome 5q, a region with multiple candidate genes . Fine 
58 
Genetic regulation of total serum IgE levels mapping studies are underway; multiple genes on 5q may be involved. In addition, genome searches are being performed to map additional genes. Once these studies are completed, the relationships between these loci and other measures of the asthma phenotype can be investigated. All these studies are important in investigating the complex nature of the genetics of asthma and atopic disease. 59 
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Atopy and bronchial hyperresponsiveness: 
exclusion of linkage to markers on chromosomes 
llq and 6p Pamela J. Amelung 1, Carolien J.M. Panhuysen2, Dirkje S. Postma3, Roy C. Levitt4, Gerard H. Koeter3, Clair A. Francomano4, Eugene R. Bleecker, Deborah A. Meyers4 
1 University of Maryland School of Medicine, Baltimore, U. S.A. , 2Asthma Center Beatrixoord, Haren, The Netherlands, 3University Hospital, Groningen, The Netherlands, 4The Johns Hopkins University School of Medicine, Baltimore, U.S.A. Published in Clinical and Experimental Allergy 1992, 22:1077-1084 
Summery Previous studies have reported a familial predisposition for the development of atopy, bronchial hyperresponsiveness and clinical asthma, and therefore have suggested the presence of a heritable component to these disorders. The specific contributions of genetic and environmental factors in the pathogenesis of allergic. disease and asthma have not been determined although Cookson et al. (56) have postulated linkage between atopy and chromosome 11 q. We have studied 20 families (two and three generations) ascertained through a proband identified as having asthma (90 % were also allergic) during the period of time between 1962 and 1970. Of those who were originally skin text positive, 82 % remained positive. All probands whose pulmonary function allowed retesting (FEV 1 > 1.2 1) remained hyperresponsive to histamine. The children of these probands are now in the same age range as their parents when they were originally evaluated; 66 % are atopic using criteria described by Cookson et al. ( one or more positive skin tests � 2 mm, an elevated total serum IgE or a positive specific lgE) to histamine. Using the highly polymorphic marker INT2 (which maps 2 cm from pAMS.51 on chromosome l lq) and atopy, we obtained a LOD score of - 2.00 at a recombination fraction of 0.12. In addition, because many studies have sugge­sted an association between atopy and certain HLA antigens, we investigated the possibility of linkage between atopy and bronchial hyperresponsiveness and D6S105, a polymorphic marker on chromosome 6p, located 7 cM from HLA­DR. For this marker and atopy, we observed a LOD score of -2.00 with a recombination fraction of 0.07. Similar results were observes with both of these markers and bronchial hyperresponsiveness. By restudying these pro bands as well as their family members, we were unable to find evidence for linkage 61 
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between atopy or bronchial hyperresponsiveness and these regions of 
chromosomes 11  and 6 in this population. 
Introduction 
Numerous family and twin studies have suggested the presence of a heritable 
component to atopy, bronchial hyperresponsiveness and asthma ( 147, 148). 
Obviously, exposures to inciting stimuli such as allergens, environmental 
pollutants and respiratory infections interact with a genetic predisposition in the 
development of allergic diseases and asthma. The number of genes involved in 
these disorders and their mode of inheritance have not been determined. 
Recently, Cookson et al. ( 149) suggested that there is dominant inheritance of a 
general immune response 'atopy gene' in subjects with atopic diseases and 
allergic asthma. For a common trait such as atopy, it is difficult to distinguish 
between dominant inheritance of a common phenotype or clustering of the 
phenotype in families due to the high frequency of that trait in the general 
population. Studies which have utilized methods of complex segregation analysis 
have not found evidence for a dominantly inherited major gene for components 
of allergy and asthma, such as total serum lgE levels ( 11, 69, 70, 140) or 
bronchial hyperresponsiveness to methacholine (66). However, using their hypo­
thesis of a dominantly inherited 'atopy gene', Cookson et al. (56) studied seven 
extended families (ascertained through a proband with a history of allergic 
asthma or allergic rhinitis), and by linkage analysis obtained a maximum LOD 
score of 5.58 at a recombination fraction of 0.10 to the marker p>-.MS.5 1 
(D11S97), a minisatellite marker on chromosome 1 lq. With the inclusion of 
additional families, the maximum LOD score increased to 10 at a recombination 
fraction of 0.08 (57). Additional evidence for linkage was obtained from a study 
of four Japanese families ( 150). However, more recently, these findings were 
not confirmed by Lympany et al. (62) who studied linkage to the same 
polymorphic marker on chromosome 1 lq  in nine families who were ascertained 
through a family member with allergy or asthma. They reported a LOD score of 
-0.30 at a recombination fraction of 0 .30 for atopy and p>-.MS.5 1, and a 
maximum LOD of 0.80 at a recombination fraction of 0.30 for bronchial 
hyperresponsiveness to methacholine and p>-.MS.5 1. 
Because of these conflicting reports regarding linkage of the allergic 
phenotype to the region D11S97 on l lq , we have performed linkage analysis 
for atopy and bronchial hyperresponsiveness in 20 families from Northern 
Holland using a different polymorphic marker in this region, a PCR based 
marker INT2, which maps 2 cM from p>-.MS.5 1 and is highly polymorphic 
(heterozygosity > 0.70) ( 15 1, 152). In addition, a number of studies have 
demonstrated associations between certain HLA haplotypes and response to 
specific allergens ( 148). In 1978, Mendell et al. ( 153) postulated a dominant 
pattern of inheritance for allergic responses to ragweed allergen and linkage to 
the HLA loci. Thus, we have studied this candidate region on chromosome 6 in 
these same families using the highly polymorphic PCR marker, D6S105 ( 154). 
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Atopy and bronchial hyperresponsiveness . . .  These studies have been performed in a unique group of families from Northern Holland. We chose to study probands whose asthma and allergic status were originally evaluated between 1962 and 1970. Two and three generation families have been ascertained through the original patient with asthma. The children are now in the same age range as their affected parents were when they were initially evaluated. The study of these families permitted us to overcome a major problem associated with the design of most families studies of the genetics of allergy and asthma. Specifically, we were able to control for age related changes that influence the expression of these diseases. Linkage studies for this analysis of candidate genes for atopy and bronchial hyperresponsiveness on chromosomes 11 q and 6p are based on the detailed evaluation of 20 of these families. 
Methods 
Patient recruitment Beatrixoord is a large hospital center at Haren near Groningen, a city in northern Holland, which since the early 1960s has served as a regional asthma and airways disease referral center. Between 1962 and 1970, 1284 patients with obstructive airways disease entered the Beatrixoord Hospital Center for a complete evaluation while in a stable clinical state. This patient population has been highly cooperative and has participated in previous studies on the natural history and progression of obstructive airways disease (22,155) . To date, 20 complete families have been studied. These families were selected through a proband with asthma who met the following criteria at the time of the first study: less than 45 years of age, bronchial hyperresponsiveness to histamine (provo­cation concentration causing a 20% fall in FEV 1 [PC20 FEV1] � 32 mg/ml), reversibility of FEV 1 ( � 15 % above baseline) and no history of cigarette smoking ( � 5 packyears), i.e. a proband with typical asthma. The majority of the pro bands were also allergic (90 % ) based on skin testing to a variety of allergens. Probands and their immediate family members agreed to participate in these studies and provided appropriate informed consent. The protocol was approved by the Ethics Committee at The University Hospital, Groningen and reviewed by the Institutional Review Boards at the University of Maryland and the Johns Hopkins Schools of Medicine. All available family members including the proband were evaluated. The same testing as originally performed currently except that different preparations of the same or similar antigens were used. In each family, both parents and all available children were studied. Grandchildren under the age of 8 were excluded form testing. 63 
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Clinical evaluation 
All family members completed an extended Dutch version of the British 
Medical Society Respiratory Questionnaire (25) which included additional 
questions that are pertinent to the diagnosis and assessment of asthma and 
allergic disease. Modifications were made using the recommendations of the 
NHLBI National Asthma Education Programs Expert Panel Report on the 
Diagnoses and Management of Asthma (156) . 
Adult subjects underwent intradermal skin testing to the following allergens 
(children ages 8-10 received skin prick tests to only those allergens identified 
with an asterisk) : mixed grass pollens*, mixed trees , wheat*, feathers *, dog*, 
cat*, horse*, hair*, house dust mite*, mixed epithelium, moulds* :  altemaria, 
aspergillus , cladosporium, penicillium, botrytis, negative* and positive* 
(histamine) controls .  Between 1962 and 1970 skin tests were performed with 
mixed grasses, house dust mite, mixed trees , wheat, hay, mixed epithelium, • 
moulds and spring pollens . Measurements of the largest diameter and the 
diameter perpendicular to the largest were taken of each resulting weal . In 
addition, measurements of total serum lgE (IU/1) were determined by enzyme 
allergosorbent test (EAST; Pharmacia Diagnostics AB, Sweden) . The mean of 
two duplicate tests was used for the actual IgE level; there was < 5 % difference 
between duplicates . Specific lgE levels to house dust mite and grass mix were 
performed using an enzyme immunoassay (Phadezym RAST, Pharmacia 
Diagnostics AB, Sweden) . Total eosinophil counts, white blood cell counts and 
differentials were performed. 
Spirometry before and 30 min after administration of inhaled salbutamol 
(800 µg) was performed in all probands and family members. Spirometry was 
performed in accordance with the ATS recommendations (27) using a water 
sealed spirometer (Lode spirograph type DL, Lode b.v .  Groningen, The 
Netherlands) . Values for the two best FEV 1 determinations were within 3 % to be 
considered valid. The best FEV 1 and FVC from these tests were used for data 
analysis . All subjects who were being treated with bronchodilators stopped these 
medications prior to pulmonary function testing as follows; inhaled 
bronchodilators , 8 hr; theophylline, oral bronchodilators and antihistamines , 24 
hr; inhaled corticosteroids , 2 weeks : and oral corticosteroids , 4 weeks . 
Testing for bronchial responsiveness was performed using the method of De 
Vries (26) that was used to assess the initial bronchial responsiveness of 
participants during the 1962-1970 period of time. Subjects inhales increasing 
concentrations of histamine phosphate (0 .03 to 32 mg/ml in children less than 
age 12 and 0.5 to 32 mg/ml in adults) for 30 sec of tidal breathing. The test 
starts with inhaling a diluent control and continues until the FEV1 falls by � 
20 % or the highest concentration of histamine (32mg/ml) is reached. With this 
testing procedure, responses to inhaled histamine at concentrations of ::; 32 
mg/ml are consistent with the presence of BHR (8) . The raw data were used to 
calculate the provocation dose (PC) of histamine that produces a 20 % fall in 
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Atopy and bronchial hyperresponsiveness . . .  FEV1 (PC20) and a 10% fall in FEV 1 (PC 10) .  Because of safety considerations, histamine provocation was not performed in subjects with a FEV 1 ::; 1.2 1. 
DNA methods Lymphocytes were isolated from blood in leucoprep tubes. Cells were washed in RPMI and frozen in medium with 10 % fetal calf serum, 1 % glutamine and 10% DMSO. They were stored for 24 hr at -80°C, and thereafter in liquid nitrogen until they were shipped in dry ice by overnight air freight to Baltimore. Both blood and frozen cells were sent to Baltimore for DNA extracti­on, storage and genotyping. Genomic DNA was prepared from whole blood collected in EDTA or from lymphoblast pellets. Blood samples were transferred to a 50 ml conical tube and an equal volume of 2X sucrose-triton was added (320 mM sucrose, 10 mM Tris HCl pH 7 .6, 5 mM MgC12 and 1 % triton X-100). The final volume was brought up to 50 ml with lX sucrose-triton. After incubation on ice for 60 min, the lysed blood cells were centrifuged at 4 °C for 30 min at 2000 r.p.m . .  The resulting nuclear pellet was homogenized in a total volume of 5 ml saline EDTA (75 mM NaCl and 24 mM EDTA pH 8.0). After addition of pronase (2 mg) and SDS (added to a final concentration of 1 %), the nuclear homogenate was incubated at least 2 hr at 37 °C, and extracted three times with phenol and chloroform. The aqueous phase was collected and KCl was added to 0.1 M. DNA was precipitated with 2½ of ice cold ethanol, spun on a Pasteur pipet, air dried and resuspended in 0.1 x SSC (15 mM NaCl, 15 mM sodium citrate pH 7 .0). DNA samples were diluted to a concentration of 200 µg ml for use in polymerase chain reactions. The polymerase chain reaction was performed in a reaction volume of 25 µl, containing 0.2 mM dATP, dGTP, dTTP and dCTP, 0.4 µM unlabelled oligonucleotide primer, 0.06 µM oligonucleotide primer end labelled with -y32P dATP (6000 Ci/mM, Dupont NEN), and 1 unit Taq polymerase (Boehringer). Standard thermal controller settings were 94 °C for 10 min followed by 30 cycles of 94 °C for 30 sec, 30 sec at the appropriate annealing temperature (56°C for both the INT2 primers and the D6S105 primers), and 72 °C for 30 sec; final extension was at 72 °C for 7 min. The amplified products were separated by 6% polyacrylamide denaturing gel electrophoresis. The gels were then dried and exposed to Kodak XAR-5 film. Genotyping has been completed for a highly polymorphic marker on 11 q: INT2 which shows 2% recombination with the marker p}...MS.51 (151) studied by Cookson et al. (56). In addition D6S105 which is highly polymorphic and closely linked to HLA-B and approximately 7 cM from HLA-DR (154) was typed in these families. Both markers have heterozygosity > 0.70 (151,154). All labora­tory personnel involved in the marker analysis were completely blinded to the clinical phenotypes of the subjects. 65 
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Linkage analysis Linkage analysis was performed using the method of maximum likelihood as implemented in LINKAGE (157) and heterogeneity testing was performed using HOMOG (40). An autosomal dominant model for atopy was used with a penetrance of 0.99 for affecteds and 0.01 for phenocopies. Basically, this penetrance value makes it unlikely that a non-allergic family member actually carries the postulated 'atopy' gene; likewise, atopic family members have a high probability of carrying the 'atopy' gene (i.e. are not phenocopies). The allergic phenotype was defined in a similar manner to Cookson et al. (56, 149). The presence of an allergic phenotype was based on the finding of one or more positive skin tests ( ;;:::  2 mm), a positive RAST ( � 35 PRU/ml) or elevated total serum IgE levels ( 158). Both an autosomal dominant and an autosomal recessive model were used for analysis of BHR. Family members with a PC20 FEV I and � 10 pack years of smoking were considered affected and those with a PCw FEV I with � 10 pack years of smoking were considered 'possible'. Any family member with a significant smoking history ( > 10 pack years) was classified as phenotype unknown for the linkage analysis. BHR to histamine can be considered a primary marker of the asthma phenotype since virtually all subjects with asthma display BHR (51, 159). For the probands, the original data were used. One model was used with a penetrance of 0.99 for BHR, 0.80 for 'possibles'. For all classes, the penetrance for phenocopies was set at 0.01. In addition, a recessive model for BHR was used with similar parameters since, as shown by Clerget-Darpoux et al. (160), model misspecification (dominant vs recessive) is a major problem in linkage analysis of complex diseases. For both atopy and BHR, a test for genetic heterogeneity was performed on the resulting LOD scores. Basically, this is a measure of the presence of genetic heterogeneity, i.e. are a portion of the families linked to the marker and the remaining families unlinked to this marker? A likelihood ration for heterogeneity of 1 is seen when none of the families show evidence for linkage which represents a conservative approach to reporting exclusion mapping. 
Results In four probands, the FEV1 was too low to permit histamine challenge to be performed safely ( < 1.2 1). The other 16 probands remained hyperresponsive to inhaled histamine. Of the 17 probands who were originally skin test positive (two were skin-test negative and one had incomplete data on original testing), 14 are still skin test positive. Allergy and asthma evaluations have been performed on 77 children and on all spouses. The children range in age from 8 to 44 years and 66 % are atopic according to the criteria for atopy described by Cookson et al. (56). Seventeen children (22 % ) are hyperresponsive to inhaled histamine, achie­ving a PC20 FEV1 during inhalation challenge to histamine. An additional 14 children ( 18%) develop a 10% fall in FEV 1 (PC 10 FEV 1) .  66 
Atopy and bronchial hyperresponsiveness . . .  A conservative approach to linkage analysis in complex traits is to determine whether affected members of a sib pair inherited the same allele from the affected parent. There were 54 possible combinations of sib pairs; 28 inherited the same INT2 allele from their affected parent and 26 did not. These results obviously do not differ from the 50% segregation ratio expected under the null hypothesis (absence of linkage). The results of the maximum likelihood analysis give similar results (Table 1). Linkage was excluded to 12 % recombination (based on a LOD < -2.00). No evidence for genetic heterogeneity was observed; the likelihood ratio for heterogeneity was 1.0. An example of a pedigree from one of the families with the genotype results for INT2 is shown in Fig. 1. The father, an allergic asth­matic is the proband; his spouse is skin test negative and non-reactive to histamine. The two daughters with increased bronchial responsiveness inherited different alleles from their father (one inherited the 'A' allele, the other the 'F' allele). The skin test negative daughter and the skin test positive son inherited the same allele ('A') from their father. Clearly, no co-segregation of allergy or bronchial hyperresponsiveness with the marker allele is observed. In all the families studied, there was only one family member who would have been reclassified if skin-test response is defined as � 3 mm instead of � 2 mm. Nine family members were considered atopic because of an elevated total lgE level only; they had negative skin tests and negative RASTs. However, repeating the linkage analyses by reclassifying these individuals as non-atopic had little effect on the resulting LOD scores. Similar results were observed with the HLA linked marker on chromosome 6: the LOD was < -2.00 at a recombination fraction of 0.07. For BHR, no evidence for linkage to chromosome 11 or chromosome 6 markers was found (Table 2) and no evidence for genetic heterogeneity was found (likelihood ratio for heterogeneity = 1). In addition, an autosomal recessive model was used for the inheritance of BHR with similar results. 
Discussion Previous family studies have presented strong evidence for the role of genetic factors in the development of allergy, bronchial hyperresponsiveness 
(BHR) , and clinical asthma although the number of major genes and the mode of inheritance remains to be clarified (147,148). To determine the mode of inheritance of a disease or trait, it is necessary to perform family studies in a well-defined manner. For example, in this study, families are being ascertained through a single proband, one of the parents, and the spouse and all available children and grandchildren are studied . It is then possible to perform segregation analysis and test the fit of major gene models and a polygenic model: for example, is there evidence for a dominant gene that accounts for a significant component of the familial aggregation of allergy? Before performing such analyses, it is necessary to define the phenotype to be studied and determine important covariates such as age, sex and exposure. 67 
Chapter 6 Table 1 .  Results of linkage analysis for atopy (LOD scores) Recombination fraction (0) 0.01 0.05 0.10 Chromosome 11: INT2 -7.38 -4.28 -2.54 Chromosome 6: D6S 105 -6.45 -2.96 -1.28 
A 8 
F E 
0.20 0.30 -0.93 -0.27 -0.07 0.18 
B A  
F B 
0.40 -0.04 0.11 
A A 
E E 
0 when LOD < -2.00 0.12 0.07 
Figure 1. An autoradiograph for the marker INT2 is shown for one family with allele designations. A pedigree symbol with the left side shaded indicates a family member with a positive skin test and a symbol with the right side shaded indicates a family member with a PC20 FEV 1 to histamine (BHR). 68 
Atopy and bronchial hyperresponsiveness . . .  
Table 2. Results of linkage analysis for BHR (LOO scores) Recombination fraction (0) Model 0 when 0.01 0.05 0.10 0.20 0.30 0.40 LOD < -2.00 Chromosome 11: INT2 Model 1 -6.92 -3.95 -2.38 -0.93 -0.29 -0.03 0.12 2 -7.28 -4.74 -3. 14 -1.50 -0.67 -0.22 0. 16 Chromosome 6: D6S 105 Model 1 -10.58 -6. 74 -4.37 -1.93 -0. 77 -0.21 0.20 2 -5.38 -3.58 -2.38 -1.03 -0.35 -0.04 0. 12 Model 1: Dominant Model 2: Recessive Model used included weights for the possible classes of 0.80. There have been only a few studies where modem statistical genetic analysis techniques were applied. These included several studies of specific components of allergic disease such as total serum IgE levels, but no clear evidence for the presence of a major gene inherited either in a dominant or recessive manner has been found (11,69,70, 161). With regard to the asthma phenotype, Townley et al. (66) analyzed their family data using complex segregation analysis and found evidence for a familial component for methacholine responsiveness that was probably not due to a major gene. Family studies have been difficult to perform because there are age and sex differences in the expression of allergy and asthma, and environmental exposure is difficult to quantify. Cookson et al. (56, 149) studied the genetics of clinical allergy, broadly defined to include any of the following: one or more positive skin-tests, one or more positive RAST tests and/or increased total serum lgE levels. Evidence for a dominant mode of inheritance was obtained although the findings are difficult to interpret because complex segregation analysis was not performed, and because of the high prevalence of allergy when it is defined in this manner. However, they did find evidence for linkage to a marker on chromosome 11 q (56) suggesting the presence of at least one major gene for atopy. Because of the problems inherent in genetic studies of complex disorders, it is of major 69 
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importance that a postulated linkage is replicated by additional studies . A study 
of Japanese families found evidence supporting this linkage in four families 
(150) . However, it is not clear why 134 families were excluded before the 
linkage analysis was performed and what effect this may have on the results 
reported in this abstract . 
A recent study by Lympany et al . (62) was unable to replicate the linkage to 
chromosome 11 q. In our study, no evidence for linkage, for atopy , or bronchial 
hyperresponsiveness (a marker of the asthma phenotype) was found. In fact, 
linkage for atopy was excluded to at least 12 cM to INT2 (LOD � -2 .00) with 
no evidence for genetic heterogeneity (likelihood ratio for heterogeneity = 1) . It 
is important to test for heterogeneity in any linkage study of a complex disorder 
since it is likely that there may be a subset of families showing linkage to a 
given marker and a subset of families not linked to that marker. Since the final 
LOD score is calculated by summing the individual LODs, it will probably be 
negative (or at least not significantly positive) due to the impact of the unlinked 
families . Therefore, the likelihood of heterogeneity versus homogeneity or no 
linkage is calculated, and if the resulting ratio is small as it is in our families , an 
exclusion interval may be reported. 
The failure to replicate a postulated linkage has become a serious problem in 
studies on the genetics of complex disorders (162) . There are several possible 
reasons for this problem. First, the disease phenotype may be defined differently 
in different studies . In the current study, the allergic phenotype was defined in a 
similar manner to that described by Cookson et al . ,  although there are still minor 
differences . While we performed a more extensive panel of skin tests, we only 
employed RAST testing to house dust mite and mixed grasses. However, as 
discussed by Cookson (56,149) , the phenotype of only a few family members 
was dependent on the RAST measurement, i .e .  those who are skin-test negative, 
have a low total IgE but a positive RAST. Although model misspecification is a 
problem in linkage studies of complex disorders, it should not be a reason for 
failure to replicate a linkage result. Also , if an incorrect model of inheritance 
was used, when affected sibs are analyzed, they should share alleles in common 
which was not seen for atopic disease in our families . 
Second, there may be a high degree of genetic heterogeneity present, i . e . 
genes which map in different regions of the genome may each separately be 
sufficient for disease expression. It is possible that either by chance or because 
of the type of families studied that different major genes are actually being 
mapped in the various studies .  This does not seem to be a likely explanation for 
allergic disease. Although our families were ascertained through a parent with 
asthma, the type of allergy seen in these families reflects the allergic phenotype 
as found in the general population. As expected, the majority of allergic family 
members responded to house dust mite, and there were many allergic family 
members who did not demonstrate bronchial hyperresponsiveness to histamine. 
A third reason may be that several genes that interact in disease expression 
are present (oligogenic inheritance) . As shown by Suarez et al . (163) , in these 
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Atopy and bronchial hyperresponsiveness . . .  situations, it is often very difficult to replicate a 'true' linkage. In different sets of families, different proportions of the genes involved may be present and the 'linked' gene may not be detected in all studies. This differs from genetic heterogeneity as previously described and tested for in analysis of our families. In this case, there are several genes which interact to produce the phenotype, not that there are several major genes, any of which is sufficient to produce the phenotype (as in genetic heterogeneity). Obviously, for most complex disorders such as allergy and asthma, there may well be several major genes and a number of 'minor' genes which do interact in phenotype expression. A fourth reason, as discussed by Risch (162) is the difficulty of interpreting a LOD score calculated under an unlikely model. It is not clear from previous studies that an autosomal dominant model of inheritance as postulated by Cookson et al. (56,149) is appropriate for atopy. If it is not, the statistical interpretation of the resulting LOD score is problematic. One approach to the study of the genetics of complex disorders is to first perform segregation analyses, which are possible if the families are ascertained in a clearly defined manner and not for the presence of multiple allergic members. This approach will be used on data from the families that are currently being studied. Data from approximately 100 Dutch families ascertained through a parent with all family members carefully characterized with respect to allergy and asthma will be available. Then linkage analysis of markers throughout the genome can be performed using the genetic model obtained from the segregation analysis. Another approach is to perform linkage studies of candidate regions using either a non-parametric approach or a likelihood approach with a few well­defined models. This approach was used in these families for the candidate region of the HLA loci on chromosome 6. No evidence for linkage was found with either the allergic or the bronchial hyperresponsive/ asthma phenotype. Although there are strong associations between the components of allergic disease and HLA haplotypes, linkage to a major gene for general atopy was not found. While this approach did not find evidence for linkage to markers on chromosomes l lq and 6p, it may be useful to study other candidate regions associated with findings related to atopic or asthmatic responses, e.g. cytokines, beta receptor function, etc. Defining the role of genetic factors in the development of allergic disease and asthma will improve our understanding of the underlying mechanisms responsible for these disorders. We have reported our findings for polymorphic markers closely related to two candidate regions of the genome that have been reported to be associated with atopy and bronchial hyperresponsiveness. In this study we have attempted to control for age related changes in the phenotypic expression of allergy and bronchial responsiveness by restudying probands who were initially evaluated 20 to 30 years ago. Three of the 20 probands would have been incorrectly classified as non-allergic while four could not have had bronchial responsiveness categorized, if earlier data had not been available. Unfortunately, we were unable to find evidence for linkage for either atopy or 71 
Chapter 6 bronchial hyperresponsiveness to these regions on chromosomes 1 lq and 6. Thus, further investigation is necessary to determine the relationship of atopy and bronchial hyperresponsiveness to chromosome 11 q and the HLA locus on chromosome 6. It would be preferable if these investigations included segregation analyses of families ascertained in a well-defined manner. Additional studies to define the allergic and asthmatic phenotype are necessary and should include studies of the effects of age, sex and allergen exposure on disease expression. Linkage studies should be undertaken using a few well-defined models for inheritance of the phenotype and, also, can be performed by analyzing the proportions of alleles shared in common by affected members of the pedigrees. In addition, likelihood methods based on a dominant and a recessive model may be used especially when investigating candidate genes. Genome searches should use highly polymorphic PCR based markers. Marker technology and data management and analysis needs to be as automated as possible to avoid errors. Laboratory personnel should be 'blinded' to the phenotype of family members. All linkage analyses should include tests for heterogeneity since it is highly likely that mul­tiple genes are involved in complex disorders such as asthma and allergy. The whole genome should be searched using highly polymorphic PCR based markers in a systematic manner to detect multiple genes. It is very appropriate to begin such studies of allergy and asthma given the availability of highly informative markers and well characterized families such as the ones that we are currently studying. 
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Evidence for a locus regulating total serum IgE 
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Abstract Genetics studies of total serum IgE levels were performed since high IgE levels correlate with clinical expression of allergy and asthma. Families ascertained through a parent with asthma were genotyped for markers on 5q where there are multiple candidate genes that may influence the control of IgE and inflammation. Evidence for linkage of the IgE phenotype to 5q was obtained by both sib-pair and LOD score analysis with evidence for recessive inheritance of high IgE levels from segregation analysis. These findings represent a major step in mapping genes important in the regulation of allergic responses and the pathogenesis of asthma. 
Introduction Allergy and asthma are complex disorders that are not inherited in a simple Mendelian fashion, although previous family studies have shown an increased frequency in first-degree relatives (3, 66, 126,164). In general, family studies have been difficult to perform since the clinical expression of these disorders is affected by age and gender (23,165). In addition, environmental exposures to allergens, pollutants, and viral respiratory infections are important in the development of allergic disease and asthma (51). Thus, while genetic and environmental factors as well as their interactions are important, their precise roles in the pathogenesis of these disorders are not fully understood. Recently, there has been an increase in the incidence and severity of asthma, an obstructive respiratory disease that is characterized by airway inflammation and bronchial hyperresponsiveness (BHR) (30,51,80,156). While symptoms of upper airway allergic disease may exist without asthma, these two disorders are closely interrelated, and most asthmatics have clinical and serologic evidence of atopy (29,43,164,166). Unlike most complex disorders, there are quantitative measures of the allergic and asthma phenotypes that can be studied. For example, high total serum IgE levels correlate with the clinical expression of 73 
Chapter 7 allergy and asthma ( 16, 29, 116, 117). Recent studies have shown that IgE levels are related to BHR, a major feature of the asthma phenotype that is thought to reflect the presence of airway inflammation (29 ,43, 117). Therefore, the results from family studies on the genetic regulation of total IgE levels are very relevant to determining the role of genetics in both allergy and asthma. Unfortunately, the genetic regulation of total IgE production remains unclear. However, in several studies, evidence for recessive inheritance of 'high' levels has been observed (68-70, 138), although with different estimates for gene frequency and for the mean levels for the 'low' and 'high' phenotypes. Blumenthal et al. (140) studied several large pedigrees and reported evidence for genetic heterogeneity in the mode of inheritance. In a population isolate, the Amish, evidence for codominant inheritance has been reported ( 141), while evidence for polygenic inheritance was found in a study of the Mormon population ( 11). There are several genes on chromosome 5q that may be important in the regulation of IgE and the development or progression of inflammation associated with allergy and asthma. They include interleukin-3 (IL-3), IL-4, IL-5, IL-9, IL-13, granulocyte macrophage colony stimulating factor (GM-CSF), a receptor for macrophage colony stimulating factor (CSF-lR), and fibroblast growth factor acidic (FGFA) (143). The genes for the IL-4 related cytokines stimulate B-cell growth and regulate specific immunoglobulin synthesis (144, 145). Therefore, families were studied for possible linkage between highly polymorphic markers on this chromosome and total serum IgE levels. Segregation analysis was performed on data from 92 families from northern Holland ascertained through a parent with a diagnosis of asthma who was first studied approximately 25 years ago. During the past 4 years, the probands have been reevaluated and their spouses, children, and grandchildren (over age 8) studied. Genotyping was performed on the 55 families with DNA currently available. Two methods were used to test for linkage, the sib-pair method and the LOD score method using the genetic model obtained from the segregation analysis . 
Materials and methods 
Family ascertainment Beatrixoord is a rehabilitation and respiratory hospital near Groningen, The Netherlands, that since the early 1960s has served as a regional asthma and airway disease referral center. Between 1962 and 1970, 1284 patients with obstructive airway disease were evaluated while clinically stable, and this population has participated in studies on the natural history and progression of allergy and obstructive airway disease (22, 155). Families were selected through a proband with symptomatic asthma who met the following criteria at the time of the first study: < 45 years of age, bronchial hyperresponsive to histamine, and 74 
Evidence for a locus regulating total serum . . .  non-smoking ( � 5 pack years; 1 pack year equals smoking of 20 cigarettes a day for 1 year) (63). The original evaluation included skin tests to a variety of allergens, eosinophil counts (blood and sputum), pulmonary function testing, and bronchial responsiveness to histamine. Total serum lgE levels were not measured during the original evaluation. The children are now in the same age range as their affected parents were when they were initially evaluated. Besides reexamining the probands, all available children and spouses were examined, and whenever possible, grandchildren. One family (Family 62) was extended because the proband had multiple siblings with a history of asthma. Testing performed on the probands and family members included: (a) standardized respiratory questionnaire (modified version of the British Medical Council Questionnaire with additional questions on symptoms and therapy of allergy and asthma, (b) pulmonary function testing, (c) bronchial responsiveness to inhaled histamine (26), (d) allergic status: skin tests, total serum lgE, specific IgE levels to house dust mite and grass mix, total peripheral blood eosinophil counts. Total serum lgE (IU) was measured by solid phase immunoassay (Pharmacia lgE EIA, Pharmacia Diagnostics AB, Sweden). The mean of two duplicate tests was used for the lgE level. The test was repeated if the difference between duplicates was > 5 % . Members of 92 families (538 individuals) have been evaluated, and these data were utilized for the segregation analysis. The mean IgE level in the probands was 210 IU (±287 IU SD) and 71 IU (±157 IU SD) in the spouses. Fifty-five families for which DNA is currently available on all family members have been genotyped for markers on 5q. 
Molecular methods DNA was extracted from peripheral leukocytes as described previously (63). Genomic DNA was diluted to a concentration of 200 µg/ml for PCR. Simple sequence repeat (SSR) loci (167,168) were selected from GDB (Genome Data Base). SSR products were amplified by the PCR (169) and sized using DNA from CEPH individual 1347-02 (170) and a pool of 32 unrelated CEPH grandparents (BIOS Laboratories Inc., New Haven, CT). PCR was carried out in microliter plates using a Perkin-Elmer 9600 thermal cycler. The PCR conditions were optimized as follows: forward and reverse primers were each labeled at the 5' end with P2P]-ATP (6000 Ci/µmol) using polynucleotide kinase for detection by autoradiography after separation by electrophoresis. The optimal annealing temperature was determined empirically by selecting a temperature that eliminated nonspecific annealing or artifact (background) products. PCR conditions were 0.4 µM primers, 1.5 mM MgC12 , 50 mM KCl, 200, 
µM dNTPs, and 0.5 units Taq polymerase (final concentrations); 94°C for 10 min; followed immediately by 30 cycles of 94 °C for 30 s; an appropriate annealing temperature for 30 s for each marker determined empirically as described above; and 72 °C for 30 s; followed by 72 °C for 7 min. PCR was 75 
Chapter 7 carried out using a 'hot start' procedure in a volume of 12 .5 µl using 25 ng of template DNA. DNA was stored in a 96-well microtiter plate (Perkin­Elmer/Cetus). Each sample was denatured prior to electrophoresis by heating to 99 ° C after adding 2 µl formamide/EDT A loading buffer. Electrophoretic separations were carried out using 6 % acrylamide (BioRad), 8 M urea (Ultrapure, USB) gels in 1 X TBE. Sample handling was carried out as described by Weber et al . ( 171) with minor modifications . A maximum of 2 SSR loci were loaded on each gel . Genotypes were determined from two independent readings of each autoradiograph. Individuals Genotyping the families were blinded to the clinical data. 
Segregation analysis The log[IgE] data were analyzed by fitting the class D regressive models of Bonney (136) as implemented in SAGE (172). Age was included as a covariate since there was a significant correlation between age and total serum IgE levels in the overall sample . Since there was no significant correlation between gender and log[IgE] levels in this sample, gender was not included as a covariate. When the segregation analysis was repeated including gender, the results were similar . Analysis was performed to determine whether the segregation of IgE levels was consistent with a major gene model with two alleles, L for low levels (gene frequency = qL) and H for high levels. For each model, the means (µLL, µLH, µHH) and variances for the three distributions representing the three types of individuals (LL, LH, HH) were estimated . Individuals of types LL, LH, and HH transmit the L allele with probability TLL • TLH, and THH, respectively . Under a Mendelian model, these parameters are restricted to TLL = 1.0, TLH = 0 .5, and THH = 0.0. The parent-offspring (pp0) and sib-sib (Pss) correlations were constrained to be equal since this represents the conventional 'mixed model ' ( 134). The likelihood ratio test approximates a x2 distribution and is used to compare hierarchical models. To compare non-hierarchical models, the Akaike's Information Criterion (AIC) ( 135) was used and is equal to -2 In L + 2k, where k is the number of parameters estimated in the model . An ascertainment correction was not used because the families were ascertained through one parent with asthma. Since individuals with asthma may have an increased IgE level, this may bias the estimate of the gene frequency but should not affect the segregation pattern observed in the offspring. 
Linkage analysis Linkage analysis was performed using the sib-pair method (SIBPAL) ( 172). This method is based on sharing of marker alleles identical by descent in sib pairs and is not dependent on the genetic model from the segregation analysis. Basically, a regression analysis is performed for the squared difference in log[IgE] levels between sibs and the estimated proportion of marker alleles identical by descent. In the presence of linkage, sibs who are identical by descent for the marker would be expected to have similar IgE levels, and those not 
76 
Evidence for a locus regulating total serum . . .  sharing marker alleles would be expected to  have a bigger difference in their IgE levels. In addition, two-point LOO scores were calculated using the genetic model from the segregation analysis (LODLINK) ( 172). The marker allele frequencies were assumed to be equal, but this should not affect the results since complete families were typed, and thus all allele frequencies do not enter into the likelihood calculations. 
Results 
Segregation analysis Recessive inheritance of high IgE levels was the best fitting and most parsimonious model with a gene frequency of 0 .41 for the low allele (x: = 6 .9 compared to the general model, Table 1) .  The mean for the low phenotype is 1 .58 (38 IU) and 2 .64 (437 IU) for the high phenotype. The parent-offspring (pp0) and sib-sib (p55) correlation is 0.26, suggesting a polygenic component. If these correlations are set to 0.0 ,  there is a significant increase in the likelihood (-2 In L = 1065.4) providing additional evidence for a polygenic component. If these correlations are estimated separately , there is little difference in the parameter estimates or the likelihood (pp0 = 0 .26, Pss = 0 .29, -2 In L = 1047.9). The recessive model fit the data better than the codominant model (AIC 
= 1061 .6  vs 1062.6,  Table 1), although there is little difference in the estimates of the parameters . In the codominant model, the mean value for the intermediate phenotype was estimated to be lower than the mean for the low phenotype although not significant based on the standard errors . None of the remaining models (unimodal, dominant, or sporadic) fit the data (all x: > 21  compared to the general model). 
Linkage analysis By sib-pair analysis, significant evidence for linkage was observed with the highly polymorphic marker D5S436 (Table 2). In addition, evidence for linkage with the flanking loci, D5S393 and CSF-lR, was observed. The analysis was repeated without outliers (values > mean ± 3 SD), resulting in very significant P values although only a few individuals were excluded (see Table 2) . The FGF A polymorphism that was typed was not very informative in these families (both parents were homozygous in approximately one-third of the families), resulting in little evidence for or against linkage. The loci are shown in the order mapped to Sq by both genetic and physical mapping (Cooperative Human Linkage Center, CHLC; 28). IL-9 is tightly linked to IL-3 , GM-CSF, IL-4, IL-5 ,  and IL- 13  and is approximately 2 cM from D5S393 (0M = 0 .04, 0F = 0 .02, LOO = 20.0 in our families). FGFA is further away (0M = 0 .04, 8F = 0. 14, LOO = 15.0 in our families) but is more tightly linked to D5S436 (0M = 0.04,  0F = 0.07, LOO = 20 .8 in our families). In our families, the CSF-lR  candidate 77 
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Table 2. Results of Sib-Pair Analysis for log[lgE]. Marker T value df P value IL-9 -1.50 131 0.07 O5S393 -2. 17 248 0.01* FGFA -1.06 227 NS O5S436 -3.47 282 0.0003* CSF-lR - 1.83 226 0.03* O5S410 -0.05 239 NS O5S412 -0.23 252 NS O5S415 -0. 13 230 NS Note. NS, not significant, P > 0.05. * Adjusted for outliers: O5S393, P = 0.0003, df 241; O5S436, P 0.000001, df 
= 275; CSF-lR, P = 0.003, df = 221. gene maps approximately 10 cM from O5S436 (0M = 0. 11, 0F = 0. 10, LOO = 13.9). The distances for the remaining 3 markers based on our data are CSF-lR: O5S410, 0M = 0.09, 0F = 0. 16, LOO = 12.2; O5S410: O5S412, 0M = 0.05, 0F 
= 0.09, LOO = 27.9; O5S412: O5S415, 0M = 0. 10, 0F = 0. 16, LOO = 18.3. Generally, more recombination is observed in the male for this region (published map and our data). The results of the LOO score analyses for IgE are similar to the sib-pair results (Table 3). The highest LOO (3.56) was obtained for O5S436 with 9% recombination (sex equal). Lower LOO scores were observed for the flanking markers, O5S393 and CSF-lR. The IL-9 polymorphism is very close to the other interleukin gene candidates, and resulted in a LOO of 0.98. Slightly higher LOOs were observed for sex-specific versus sex-equal recombination for all five markers in Table 3, although there was not significant evidence for a sex difference in the estimates of the recombination fractions. In addition, segregation and linkage analyses were performed using PAP (142) . The best-fitting model was recessive inheritance of high levels with results similar to those obtained using SAGE (q = 0.40, µLL = µLH = 1.36, µHH = 2.38, a = 0.51, residual heritability = 0.49, x! = 0.6 compared to the general model). Using this model in PAP for linkage analysis, the LOO for O5S436 was 3 . 11 at 10 % recombination. 78 
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Table 3. Results of LOO Score Analysis for log[lgE] 
Marker 0* LOO 0 * M 0F* LOO 
IL-9 0 .09 0 .98 0. 14 0 .00 1 . 13 
05S393 0 . 10 1 .59 0 .21 0 .04 1 .93 
FGFA 0 . 17 0 . 53 0 .52 0 . 10 0 .82 
05S436 0 .09 3.56 0. 11  0 .07 3.61 
CSF-lR  0 . 1 1  0 .91 0. 16 0 .07 0 .98 
0* = maximum likelihood estimate of the recombination fraction (sex equal) with 
corresponding LOO. 
0M*, 0F* = maximum likelihood estimate of the recombination fraction (male, 
female) with corresponding LOO. There were no positive LOOs for 05S4 10, 
05S4 12, 05S4 15 .  
Discussion 
There is considerable interest in mapping genes for complex disorders with 
obvious heritable components such as allergy and asthma. The results of this 
study show evidence for linkage of the lgE phenotype to markers on 
chromosome 5q, which needs to be confirmed by additional studies. This 
represents an important finding since higher total serum IgE levels are closely 
related to the development of allergy and asthma in both children and adults 
( 16,29, 117, 173 , 174) . Evidence for linkage was observed using a sib-pair ap­
proach that is not model dependent and confirmed by the likelihood approach 
based on the model derived from the segregation analysis. Also, additional 
evidence was obtained for recessive inheritance of high levels of total serum IgE. 
Although several previous studies have suggested recessive inheritance of 
high total lgE levels (68-70, 138), there are differences in the definition of high 
levels and frequencies of the phenotypes. The estimates of the mean levels for 
the low and high phenotypes in this study appear biologically relevant (38 and 
437 IU, respectively) . In addition, in this study, only recessive inheritance of 
high levels gave a good fit to the data; the other genetic and nongenetic models 
could be rejected (Table 2) . Since in the codominant model, an additional 
distribution is estimated, results similar to those from the recessive model were 
obtained but not significantly better. 
There are several issues that need to be considered in the interpretation of 
these results. First, highly significant evidence for linkage was obtained using 
sib-pair analysis. Second, this chromosomal region was investigated because of 
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the known candidate genes for atopic inflammatory reactions and control of 
immunoglobulin synthesis and not as part of a screen of the entire genome. 
Third, although it is difficult to interpret LOD scores in complex disorders 
(162), the LOD scores obtained are consistent with the significant results 
obtained from the sib-pair analysis and are based on a genetic model obtained 
from segregation analysis of these families . However, it should be stressed that 
despite the positive linkage findings in this study , these results will need to be 
replicated in additional studies by other investigators . 
Given the manner in which these families were ascertained (through a parent 
with asthma) , it is not clear from these results whether the evidence for linkage 
to the total serum IgE level phenotype is actually due to linkage to the asthma 
phenotype . To investigate this question further, the families were divided into 
those with and those without linkage information from the proband (heterozygous 
or homozygous for D5S436) . In the 44 families where the proband was 
heterozygous for D5S436 ,  the LOD was 4 .5 with 5 % recombination and the 
LOD was negative in the 11 families where the proband was homozygous .  In the 
families where the proband is homozygous for the marker, the linkage in­
formation originates from the spouses . There are several explanations for this 
result . The spouse could be introducing genetic heterogeneity into the family by 
contributing a gene that influences total IgE levels that is not linked to 5q; for 
example, IL-6 (chromosome 7) may indirectly affect IgE levels by stimulating B­
cell growth and enhancing immunoglobulin production (175 ,176) . Also the 
spouse could represent a phenocopy if their IgE level is in part determined by 
environmental factors . An interesting possibility is that linkage is observed 
because of the relationship between IgE levels and the asthma phenotype. Since 
all of the probands have asthma, the cosegregation observed between their 
marker alleles and their IgE levels may reflect the presence of a gene important 
in asthma. Additional studies of families with and without members with asthma 
are needed to address this question. 
These findings have important implications in understanding basic 
pathophysiologic mechanisms in asthma since there are multiple candidate genes 
on 5q that directly or indirectly regulate IgE production and affect the activation 
and proliferation of cellular elements involved in inflammatory processes 
(144 ,176) . The interleukin 4 group of cytokines (IL-4, IL-5 , IL-3 , and GM-CSF) 
are tightly linked and map to a region of 5q (143 ,177) . These cytokines have 
overlapping effects on the growth and proliferation of B-cells as well as other 
cellular elements associated with allergic inflammation (144 ,145 ,176) . IL-9 and 
IL-13 enhance IL-4-dependent immunoglobulin synthesis and expression of CD 
23 , an lgE surface antigen binding factor, respectively (178 ,179). GM-CSF and 
other cellular growth factors such as FGF A also reside in this area of 
chromosome Sq, and these factors stimulate proliferation of granulocytes, 
macrophages, and eosinophils (144,145 ,177 ,180) . Thus , this region of 5q 
contains genes that regulate a large number of factors that are important in the 
inflammatory processes in allergy and asthma. 
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It i s  not possible to  determine from these results the exact location of the 
postulated gene ( 180) . This is a common problem in linkage studies of complex 
disorders since model misspecification will falsely increase the recombination 
fraction ( 160) . Although a genetic model was obtained from the segregation 
analysis, it is clear that there are still environmental and polygenic components 
important to the determination of lgE levels. In addition, the candidate loci typed 
were not very informative, especially IL-9. Therefore, we cannot exclude any of 
these candidate genes at this time. It is likely that several of the candidate loci on 
chromosome 5 may be linked to the asthma and allergic phenotypes. This will be 
difficult to determine since the phenotypes are closely related and the candidate 
loci are linked to each other. Further studies of these candidate loci are 
necessary. It will be important to distinguish between the effects of a locus 
involved in lgE production compared with other measures of asthma such as 
bronchial hyperresponsiveness. Studies of additional families, including segrega­
tion and linkage analyses using more complex models such as two locus models 
with epistatic effects, are needed. 
In summary, evidence for linkage for a gene for lgE production to 
chromosome 5q was observed by performing sib-pair analysis on the quantitative 
measure of total serum IgE levels. Also, LOD score analysis provided evidence 
for linkage based on the recessive model of high lgE levels obtained from the 
segregation analysis. These results should be applicable to a general population; 
however, it would be very interesting to determine whether families consisting of 
allergic members without asthma show similar evidence for linkage to 5q. A 
number of candidate genes that appear to regulate inflammation and healing by 
mediating interactions between inflammatory and structural cells or by the 
synthesis and release of inflammatory mediators and lgE are controlled by genes 
that map to 5q. Thus, this chromosomal region appears to be extremely im­
portant in the regulation of inflammatory processes that are important in allergy 
and asthma. Efforts to map this region and genes that are related to total serum 
IgE production more precisely will improve our understanding of the control of 
allergic inflammation in subjects with allergy and asthma. Additional family 
studies need to be performed in conjunction with further molecular studies on 
candidate genes in this region. 
Note added in proof 
Since completion of this work, an addition study has been published 
suggesting linkage between total serum lgE levels and markers on 5q ( 13) .  
Eleven Amish families were studied, and sib-pair analysis resulted in a P value 
of 0 .002 with D5S399, a marker tightly linked to D5S393, one of the markers 
typed in our study. Their segregation analysis did not show evidence for a single 
genetic model; both the recessive and dominant models gave similar likelihoods. 
For D5S399, a LOD score of 1 .3 at 0 .0  recombination was obtained assuming 
dominant inheritance of high levels. Five other markers spending over 20 cM 
also showed 0 .0  recombination with total serum lgE levels, probably because of 
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the marked overlap between the distributions of low and high IgE levels in this 
inbred population. Thus, these results do not appear to specify one gene 
candidate within this large region containing multiple candidate genes. In fact, 
our data suggest that candidates including those more distal to the IL-4 cluster 
and mapping closer to D5S436 should be considered. Since, unlike our families, 
the Amish families were not ascertained through a proband with asthma, these 
studies may even identify two distinct loci. 
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Introduction 
Despite many recent advances in understanding of asthma, the causes of the 
chronic sequelae of asthma are as yet unsolved and methods for the prevention 
or resolution are unknown. Chronic complications may show in severe 
symptomatology as well as in work disability (1). However, unlike many 
conditions that affect primarily older persons, asthma disproportionally affects 
those of working ages, indeed those in the prime of their careers. It is thus 
worth while to investigate whether the chronic consequences of the disease can 
be prevented. Chronic complications are most likely the result of the 
inflammatory process which underlies the clinical presentation of asthma. The 
nature of the inflammatory reaction has been discerned by advanced immuno­
histochemical and molecular biological techniques of bronchial biopsy and lavage 
specimens. Inflammation has thus been found even in newly diagnosed asthmatic 
subjects with clinically mild disease (2), and not only in those with far advanced 
disease (3) or dying from intractable asthma (4-7). As a result of activation of 
inflammatory cells an array of mediators and cytokines are produced and/or 
released, causing bronchoconstriction, plasma exudation, vasodilatation, mucus 
hypersecretion and activation of sensory nerves, all contributing to the clinical 
presentation of asthma. Although acute inflammation has been the main focus of 
research on the pathophysiology of asthma, it is evident that asthma is a chronic 
inflammatory condition. As a result structural changes may occur, i. e. 
subepithelial fibrosis, hyperplasia of airway smooth muscle, and angiogenesis. 
Therefore, it is likely that in some asthmatic subjects irreversible damage to the 
lungs may occur. This has indeed been found after long term follow up of 
asthmatic subjects, resulting in irreversible airflow limitation (8-10). In this 
chapter, the little knowledge available from cross-sectional and prospective stu­
dies on the long term outcome of asthma will be discussed. The possible 
influence of treatment on acute (i.e. death) and long-term outcome of disease 
will be discussed as well. 
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Longterm outcome measures of asthma What defines a positive outcome of disease? One has no difficulty to argue that for a patient this will be absence of symptoms and a good quality of life, much more than a near normal value of laboratory parameters like lung function or airway hyperresponsiveness (AH). However, symptoms may remain unchanged while lung function deteriorates (11) and it has been shown that the annual decline in forced expiratory volume in 1 second (FEV 1) is the most important measure for the progression of asthma or chronic obstructive pulmonary disease COPD (12-14). It therefore can be postulated that meaningful outcome measures will be both symptoms and lung function. 
Symptoms There are a few studies looking at the relationship between development of respiratory symptoms and either the diagnosis of asthma or the rate of change in ventilatory function in asthma. Fortunately they cover the whole age range cross­sectionally, although virtually no longitudinal study is available. Wheeze is the most common symptom reported in asthma. It occurs in up to 40 % of children in an epidemiological setting (15) and 11 % of the non-asthmatic elderly population ( 16) and is thus not a specific parameter for asthma diagnosis. However, almost all asthmatic subjects do wheeze. In many studies wheezing is related to AH, even after taking into account smoking and pre-challenge lung function (17-19). In childhood it has become clear that wheeze and cough, next to the presence of atopy are independently associated with respiratory morbidity as quantified by both objective and subjective parameters (20,21). Thus, wheeze was, even more than cough, associated with lower level of AH and FEV i , greater within-day and between-day variability of peak expiratory flow rate (PEFR) and greater chroni­city of symptoms (20) . Wheezing and other symptoms disappear in a substantial proportion of asthmatic subjects during teenage years (Figure 1) (22-24). To outgrow symptoms of asthma a better FEV 1 and level of AH in childhood are important factors (23 ,24). Symptoms and AH improve during childhood asthma irrespective of improvement in FEV 1 (22,24). Many children in Kondo's study did not completely normalize in their PC20 values, and it was therefore suggested that this incomplete improvement was related to irreversible damage of the bronchial wall produced by long-standing inflammation (21). However, symptoms improved dramatically,  showing that an asymptomatic state does not imply normalization of airflow limitation or AH, which has also been found in another study (25). Wheeze in childhood is a poor predictor of remission of asthma by the time of maturity (26). There appears to be a gender difference effect in this respect in that active wheeze was necessary for female asthmatic children to experience a reduction in lung function over 8 years of follow-up (27). Wheeze should thus direct the doctor at stronger caution for deterioration of lung function at follow-up, especially in female children with asthma. 102 
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Figure 1 .  Reduction in respiratory symptom score from childhood to adulthood. 
Solid bars , childhood; hatched bars, adulthood. 
(From ref. (24) with permission.)  
The presence of symptoms in young adults with asthma is  associated with 
lower levels of lung function (22,23 ,27 ,28) . Jaakkola et al . (29) studied 391 
young adults (15 to 40 years) during a study period of 8 years . Subjects who 
developed wheeze and dyspnea and in whom a doctor diagnosed asthma had a 
significantly greater average decline in FEV 1 than asthmatic subjects without 
respiratory symptoms . The association was even stronger in atopic individuals, 
showing that atopy is a significant modifier of disease outcome. The association 
was also stronger in ex-smokers , suggesting that they are the susceptible 
individuals who develop respiratory symptoms and lung function impairment 
concurrently , which leads them to quit smoking. This confirms cross-sectional 
studies (30) showing that adverse effects of smoking on lung function were 
restricted to those who were wheezing. 
Asthma in the elderly is not a rare disease and is also accompanied by 
wheeze, although chronic cough is also frequent . A large proportion of the 
patients have had their disease for many years (31) and most individuals claiming 
late onset appear to have had subclinical symptoms years prior to the age they 
state that their disease started. Current smoking is the strongest independent 
predictor of new onset wheezing in a prospective study in middle-aged 
individuals (32) . Furthermore Almind et al . showed that many adult asthmatic 
subjects develop symptoms compatible with chronic bronchitis , especially in 
smokers (33) .  Those who developed these symptoms had a significantly larger 
decline in FEV 1 than those without. Moreover, it has been shown (34) that 
wheeze is more predictive for lower FEV 1 at older age (Figure 2) (34) . 
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Chapter 9 The development of respiratory symptoms thus should not be overlooked in children, young adults or in elderly individuals, as they seem to indicate the evolution of ventilatory impairment. However, the disappearance of symptoms in adults does not indicate remission or cure of asthma. Indeed, it has been shown in several studies (35-38) that improvement in symptoms is associated with a decrease in AH, but symptoms generally ameliorate before hyperresponsiveness improves. In one study FEV1 improved before patients became symptom-free (38). Whereas the majority of asthma patients are able to assess their clinical status accurately, others may overestimate or underestimate the severity of their symptoms, creating the potential for problems in management. Thus the late asthmatic reaction after allergen provocation is poorly perceived compared with the early reaction and this appears especially to be related to the slow and progressive bronchoconstriction in the late reaction (39) . This may play a role in the under-evaluation of the severity of asthma. Finally in long-standing asthma symptoms are less perceived (40), making it the more dangerous to assess the outcome of asthma by symptoms only. 
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Severity of wheezing complaints Figure 2. Association of age with the relationship between severity of wheezing and level of FEV, . □ ,  age 6-35 ;  x, age 35-55; 0, age 55 + .  (From ref. (34) with permission.) 
Lung function Achievement of a maximal level of FEV1 is of potential importance, as it is an indicator of future risk of chronic obstructive lung disease. Thus it is important to investigate both the rate of lung growth in children as well as the rate of decline in adults with asthma. Epidemiological studies on growth of lung 104 
Chronic complications of asthma function from childhood to adulthood show that, even in asthma with initial normal lung function the growth patterns lie outside the 95 % confidence limits of non-asthmatic children (25,28,41). However, it is unknown whether these observed differences result from under-treatment, airway abnormalities or are linked to hormonal, nutritional, or other influences, as yet unknown, on lung growth. In adults, some epidemiological studies show a less rapid decline of FEV 1 in adult asthmatic subjects as compared to normal controls (42,43). Burrows et al. selected non-smoking or atopic individuals with a doctors diagnosis of asthma (group I) and showed them to have less loss of lung function over long-term follow-up than individuals who never had an asthma diagnosis and were non-atopic smokers, group III (Table 1). Though decline was very low, it cannot be ruled out that selection of the population migrated to Tucson for reasons of their symptoms of asthma, or long standing therapy has affected the results. Nevertheless it suggests a more beneficial course of FEV 1 in individuals with asthma than with COPD. In another report ( 16) Burrows et al. showed that in newly diagnosed asthma in individuals over 60 years, decline in lung function was more rapid (-42 ml per year) than in normal subjects (-23 ml per year) and even higher than in individuals who were excluded in their analyses because of the presence of an asthma diagnosis at the start of the follow-up (-15 .4 ml per year). Thus, results may be variable in one and the same population. Finally, parental smoking had progressive, more serious and clinical significant effects on the FEV / forced vital capacity (FVC) ratio among adolescents with wheeze and asthma ( 44). The few prospective studies in asthmatic adults (33,45-50) almost invariably show an overall increased decline in FEV1 over time, and declines in the range of those in emphysema are even reported (33,46). Though this may possibly be due to bias in selection of more severely ill cases in a clinical setting, it may also give a warning that not all asthmatic subjects have a benign course of disease. It remains to be determined what is the natural course of FEV1 in adult asthma and, most likely, results will have to come from epidemiological studies, as clinical studies are always and persistently influenced by doctor's institution or change of therapy. Nevertheless it appears that asthmatic subjects with long­standing disease have lower lung function than those with recent development of asthma in adulthood (51). In this respect it is important to follow up both pre­and post-bronchodilator FEV 1 , the latter being indicative of changes in non­muscular (inflammatory) components of airway narrowing (35). In recent years, CT scans have shown that emphysema can occur in asthmatic subjects who smoke but also in non-smokers (52). Parenchymal destruction has also been mentioned in pathological examinations of a 37-year­old non-smoker with fatal asthma (53). Thus, the damage caused by chronic inflammation in the lung, whether aggravated by smoking or not, may also lead to emphysema. Whether this is related to more progressive decline in lung function is, however, not certain. 
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Table 1 .  Characteristics of 3 groups enrolled in follow-up (42). group I group II group III Number 27 45 45 Male (%) 30 58 64 Age (years) 62 63 65 FEV 1 ( % predicted) 51 47 47 Allergy (%) 68 38 0 Never smokers ( % ) 56 13 0 Asthma diagnosis 100 56 0 FEV 1 decline (ml per year) 4 24 42 
Asthma Deaths Although only 1 % died of asthma during an 8 years follow-up of 254 7 individuals, there was a tremendous excessive risk of asthma compared to non­asthmatic individuals (relative risk 8 - oo) (54). Mortality of asthma has increased over recent years in many countries. The cause of this is unclear: it cannot be completely explained by increased prevalence of the disease and it is very worrisome that despite improved access to medical care and better treatments for asthma this rise in mortality can occur. Fatal asthma mostly occurs in severe forms of asthma and it has been proposed that patients who over-rely on symptomatic bronchodilator and arrive late for medical care are especially at risk (55-58). Other factors, such as increased levels of allergen exposure, more peripheral deposition of allergens after bronchodilation and air pollution have also been mentioned. Recently, seemingly unavoidable deaths due to sudden extremely rapid onset of bronchoconstriction have been reported (59), which may also occur in milder forms of asthma and are associated with a more neutrophilic, rather than eosinophilic, inflammation in the airways (60). It is uncertain why this occurs; one possibility may still be a toxic phenomenon or viral disease. It has been shown that individuals with very severe AH are at risk for a fatal asthma attack (56), even when peak flow values are stable (61). Thus, in all individuals who have had a near fatal attack of asthma, intensive coordination between the patient, the family (passive smoking) and the health care team is essential for optimal reduction in AH to prevent further risk. General rules, like allergen avoidance, are of course of utmost importance in these individuals. Pathological investigations in fatal and non-fatal asthma have shown that membranous airways show more airway wall thickening in fatal asthma than in non-fatal asthma (62,63). Moreover, an increase in submucosal vascular volume 106 
Chronic complications of asthma may contribute to reduction in airway caliber in fatal asthma. Structural changes that may increase AH occur both in large and small airways in fatal asthma, but they occur predominantly in small airways in non-fatal cases (64). Whether these changes, when widespread, predispose to death from asthma or are attributable to the long-term effects of severe asthma is not yet clear. However, the observations have great implications for the following reasons. 1) Small airways disease appears to be an important factor in asthma and it is debatable whether current forms of anti-inflammatory therapy alter inflammation in this part of the airways. 2) It is well known that exaggerated airways constriction may occur upon airway challenge in asthmatic individuals. The elegant investigations of Wiggs et al. (6) have shown that this is largely attributable to increase in peripheral airway resistance, while a plateau in airflow obstruction is associated with increased central airway narrowing (Figure 3) (6). These data suggest that pathology of peripheral airways is the key to asthma and that the fall in FEV 1 associated with the challenge could be the result of continuous closure of unstable airways (5). The consequences of above findings are that future research should include investigations of small airways either by old or new lung function techniques or pathology studies, and also assessment of whether this affliction is associated with increased risk of death, with increased risk for decline in lung function or AH, and whether therapy can also improve small airways disease. It may well be that there are individuals who show hardly any change in FEV 1 over time but who have small airways disease that is either decreasing or progressing unnoticed by routine lung function testing. 
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Figure 3 .  Effects of central (top) and peripheral (bottom) airway narrowing in 
asthma. 
(From ref. (6) with permission.) 
Family history 
A positive family history of atopy, elevated IgE and asthma increases a 
child's risk of developing persistent asthma. From several family and twin 
studies it has become clear that total serum lgE and positive skintests (66-68), 
asthma and AH (69-71) are under genetic control. Nevertheless from all studies 
it is evident that several factors modify the effects of heredity, i. e. sex, age, 
smoking and environmental factors i . e. gender, age, smoking, and environmental 
factors like allergen exposure. 
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Figure 4. Effect of different factors on the progression of asthma. (From ref. (65) with permission.)  




At young ages boys have asthma more frequently than girls. There are no 
consistent data concerning the child's sex as a predictor of outcome of asthma. 
In the Melbourne study a higher proportion of boys had severe asthma at age 14 
( 41) and from age 14 to 21 boys had a greater relative improvement of their 
asthma than girls (26). However, between age 2 1  and 28 women fared better 
than men (27). 
Age of onset 
The available data are conflicting in this respect. There are studies showing 
an early onset to be related with a more favorable prognosis (72), a worse 
prognosis (73) or with no effect on prognosis (26,74,75) .  
Respiratory infections 
In a prospective study to investigate risk factors for development of asthma 
in childhood, respiratory infections appeared to be a high risk factor (76). 
Furthermore, children are thought to be more affected by respiratory syncytial 
virus and parainfluenza virus and adults more by rhinovirus and influenza. 
However, a recent report mentioned that respiratory syncytial virus was as 
important as influenza in causing morbidity and excess death in older individuals 
(77) .  Whether these viral infections affect the disease outcome in the long term 
remains to be established. It is of course clear that they affect asthmatic 
individuals severely in the acute phase. 
Allergy 
Allergy by itself is an established risk factor for the development of asthma 
in childhood and adulthood (8, 78-81). In children, the odds ratios for the 
association between increased responsiveness and skin test reactivity range 
between 1. 5 and 9.2, and in adults from 0.6 to 2 .6  ( 14), suggesting that atopy 
plays a more prominent role in children than in adults. The reason for this is 
unknown and may be related to diagnostic bias. Nevertheless a longitudinal study 
of blood IgE levels showed that even in males with a mean age of 64 a rise in 
IgE antibody against house-dust mite preceded the onset of wheeze (82), a 
finding compatible with higher age-adjusted IgE levels in elderly individuals with 
recent diagnosis of asthma as compared to asymptomatic individuals ( 16). At 
least two reports suggest that the age of onset of atopy may be predictive of the 
persistence of AH and asthma (8 1,83). 
The results of studies examining the relationship of allergy to the 
development of asthma from childhood to adulthood results are conflicting; some 
investigations show no relationship with allergy (23 , 7 4) others do (20, 84). The 
latter studies, showing lower lung function, PC20 and more symptoms in atopic 
individuals, were cross-sectional but suggest that atopy at one point in time does 
correlate with asthma severity. However, this does not imply that the same is 
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Chronic complications of asthma true for the long-term prognosis, although a study by De Gooyer et al. (85), showed that atopy at age 8-11 was associated with a greater risk for symptoms 27 years later. Atopy has been proposed as a risk factor for decline in lung function independent of the presence of clinical asthma (49,84) in an epidemiological setting. Other studies have not shown this effect in working or general populations (45,48). Ulrik et al. (50) showed that decline was more rapid in intrinsic asthmatic subjects compared with extrinsic asthmatic subjects, but this difference was not observed by Almind et al. (33). However, patient selection and duration of disease may have affected the difference in outcome. Moreover, documentation of allergic status in the latter study was made at the end of follow-up and investigated with skin testing only. As the expression of allergy may change with age this may have affected the results. Also, an influence of therapy on the outcome can also not be ruled out as 66 % of non-atopic asthmatic subjects and 4 7 % of atopic individuals were treated with corticosteroids in the study of Ulrik et al .. Van Schayck et al. (46) showed in a prospective study in corticosteroid-naive asthmatic subjects that more severe AH in atopic individuals was associated with steeper decline in FEY 1 , an association was not observed in non-atopic individuals. Another study (30) showed that adults who developed respiratory symptoms and asthma had a significantly greater average decline in FEV 1 than those without. As the association was stronger in atopic individuals, this suggests that atopy is a significant modifier of disease outcome in asthma. The above observations, together with findings that allergen avoidance reduces the development of asthma and the severity of symptoms and AH (86-90), suggest that allergen avoidance may beneficially affect the outcome of asthma. Finally, treatment of allergic rhinitis with intranasal corticosteroids also improves AH, suggesting that appropriate treatment of this atopy is also beneficial (91). 
Airway hyperresponsiveness Increased AH usually precedes the development of asthma (92), which has not only been observed in children or young adults (92,93), but also in middle aged men not selected for an allergic history ( 18). More severe AH is associated with more symptoms (49,94-96) and steeper fall in FEV 1 (49,95) . The combination of wheeze and AH discriminates the asthmatic group with ongoing significant respiratory impairment (95). AH is persistent in children with persisting symptoms (97) but it generally improves in young asthmatic subjects in their teens (21,85), although one study did not show improvement despite a better clinical course of disease (98). However, this may be due to the fact that anti-inflammatory therapy was only withheld for 72 hours, while many were instituted on this therapy. The possible reasons for the improvement in AH may be related to growing airway diameter. However, this cannot be the sole solution, as this also occurs in those with persistent AH. Finally, the importance 111 
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of persistent AH in predicting ongoing respiratory symptoms has been 
demonstrated in two long-term epidemiological studies (21, 99). 
Severity of AH defines individuals with a better response on inhaled 
corticosteroids (35). Long-term treatment with corticosteroids may diminish the 
number of inflammatory cells in the airways dramatically, but nevertheless does 
not normalize hyperresponsiveness (35-37). 
Smoking 
Parental smoking affects the development of atopy and asthma. This is true 
for in utero cigarette smoke exposure and exposure in the first few months of 
life ( 100-103). However, smoking itself almost never shows up as a risk factor 
for progressive airflow limitation when asthma is present. This may be the result 
of the so called 'healthy smoker effect', in that those with more susceptible 
airways do not take up smoking or quit at an early stage. Thus a negative effect 
may not become apparent. However, the observation that active smoking during 
adolescence is associated with shortening of the plateau phase of FEV1 that 
generally occurs between 20 and 35 years ( 103) suggests that there is an overall 
negative effect of smoking in adolescence, which may also be present in 
asthmatic subjects. Further observations have shown that cessation of smoking 
during adolescence had a positive impact on lung growth (104). 
Environmental exposure 
Whether environmental exposure affects the outcome of asthma is largely 
determined by the type of exposure. Environmental air pollution may not 
increase the prevalence of atopic status, but may enhance the development and 
duration of clinical symptoms among already sensitized subjects (90). Whether it 
affects long-term outcome is still uncertain. Toluene diisocyanate exposure, on 
the other hand, may affect the outcome negatively when exposure is continued 
and not resolved within 6 months (53). 
Level of pulmonary function 
As described above, both in children and in adults, low level of FEV1 
appears to be predictive for continuation of wheezing into adulthood and low 
level of lung function in adulthood, as well as for more rapid decline of FEV1 • 
Moreover low lung function is even a predisposing factor for first wheezing 
illness in infants ( 105). 
Treatment 
Although treatment has reduced the morbidity of asthma, it has not been 
definitely shown to alter the course of disease (see below) 
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Therapeutic intervention in the course of disease There is an urgent need to know whether treatment can improve the disease outcome of asthma both in children, adults and elderly. This is all the more important as it has been shown that expected eventual outcome is a crucial factor in decision making about a patient's management (106). Therapy is generally directed at improvement of symptoms. Although attractive in a clinical setting, it seems not advisable to allow treatment to be solely regulated by symptoms as (1) patients do not comply with taking more medication when PEFR variability increases, symptoms deteriorate or additional use of beta-agonists increases (107), and (2) symptomatic deterioration does not relate to objective worsening of lung function or AH (11), especially not when slow and progressive bronchoconstriction occurs (39). Inhaled corticosteroids (IC) are at the moment the first step of treatment in asthmatic subjects, from very low age onwards. This is largely based on short­term beneficial effects on both symptoms, diurnal and day-to-day variability in PEFR, level of lung function and AH (35-37, 108-119). The longest double-blind study is 2.5 year (35,118). IC do improve lung function during regular therapy given for weeks or months, but this may not be obvious in all asthmatic subjects, as asthma may very well start off with normal lung function. Thus, greater improvements are usually obtained in individuals with more severe degrees of airways obstruction. It is important to note that both pre- and post-bronchodilator FEV 1 improve, which is indicative of effects on non-muscular (inflammatory) components of airway narrowing (35). There is growing concern that despite increased use of prophylactic treatment some children may have a chronically high functional residual capacity (FRC), which may put them at risk of COPD in later life (120). However, they are as yet not discernible from those who react with normalization of FRC and spirometry. Non-smoking, atopic and severely hyperresponsive individuals respond the best by improving their FEV1 in the first 3 months of IC treatment, the improvement being maintained throughout 2.5 years of follow-up (35). However, these factors do not influence the course of FEV1 during IC therapy once the initial improvement had been gained. Such a predictive effect on the long-term course after the first few months of treatment has been demonstrated for reversibility of airflow obstruction, i .e. 80 ml FEV1 per year improvement per 10% predicted increase with a bronchodilator for those treated with IC vs. 57 ml FEV 1 per year decline per 10% predicted improvement in FEV1 with a bronchodilator in those who were not treated with IC. A high reversibility may thus be a sign to institute IC for prevention of decline in lung function in asthma. Whether this treatment will finally prevent irreversible damage to the airways is as yet not certain. However, cessation of treatment, even after 36 months (109,121,122), negates the beneficial effects, i.e. symptoms recur within 113 
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5 days, followed by deterioration of lung function (visible in PEFR after + 16 
days and after 2-3 months by worsening of hyperresponsiveness) (121,122) . 
Gradually tapering off the treatment has been tried as well and one study in 
children (Figure 5) (123) suggests that even gradual diminution of IC does not 
prevent final deterioration (123) .  A follow-up study by Haahtela et al . (124) 
showed that reduction of the dose from 1200 µg for two years to 400 µg of 
inhaled budesonide during one year was feasible without deterioration of lung 
function and AH in most asthmatic subjects in their study . 
There is some evidence that early institution of IC is of importance for 
prevention of irreversible damage. Thus it has been shown that the PC20 
histamine deteriorates after two years of treatment with bronchodilators only 
( 110) , But PC20 values after one year of IC improved only to the same level as at 
the start of the first two years . Thus , it did not show the rapid and large increase 
that one would have expected in the treatment of asthma (35 ,37) . There are also 
some reports that later institution does not improve AH to the same extent as in 
earlier institution regimens (125 ,126) . 
On a pathological basis beneficial effects have been investigated in mucosa! 
biopsies of the large airways. Diminution in numbers of inflammatory cells in 
the submucosa (126,127) , as well as activated eosinophils in the epithelium and 
submucosa (128) and activated CD4 + T cells and interleukine (IL)-5 levels in 
peripheral blood (129) , have been observed. Favorable effects have also been 
shown by reduction of mRNA expression for IL-4 and IL-5 (130) after two 
weeks ' oral prednisolone treatment and reduction of eosinophilic activity as 
reflected by the amount of eosinophilic cationic protein in broncho-alveolar 
lavage fluid after four weeks of IC treatment (131) . All these studies did not 
show reduction of sub-basement membrane thickening, and it can be argued that 
this might affect AH in a negative way . 
Some studies suggest that regular use of {32 agonists may actually worsen 
asthma (132,133) and are a risk factor for (near) death from asthma (134) .  
Irrespective of  presence or  absence of  symptoms, regular bronchodilator use may 
negatively affect lung function (11) . This has been attributed to the lack of effect 
in reducing inflammation, masking of the ongoing lung function deterioration by 
relieving symptoms almost continuously and possibly an increase in exposure to 
allergens and environmental toxins . Other studies show worsening of AH, which 
is opposite to the improvement in AH with inhaled corticosteroids (112 ,113) .  
Furthermore, cessation of long-acting inhaled {32 agonists also worsened AH. If 
these studies relate to clinical practice they suggest that prolonged treatment with 
{32 agonists may affect the outcome of asthma negatively . It has to be determined 
whether these findings can be reproduced over longer periods of follow-up . 
Nevertheless, it seems reasonable to accept that anti-inflammatory therapy is the 
first step in treatment of asthma. 114 
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Figure 5. Effect of gradual reduction of inhaled corticosteroids on FEV1 (a) and airway hyperresponsiveness (b) in asthmatic children. (From ref. (123) with permission.) 
Summary Little is known about the long-term outcome of asthma. Symptoms are not the only focus for direction of asthma treatment, as severe and irreversible airflow limitation may develop without the patient noticing it. Early treatment of asthma with IC may give optimal control and preliminary results of studies in both adults and children suggest that delaying institution may result in irreversible damage. However, cessation of treatment results in rapid recurrence of symptoms, AH and airflow limitation. There are many problems left to unravel. It is uncertain whether the use of IC in the management of asthma alters the disease in the small airways or cures the disease. It seems that once the trigger is activated, the inflammatory process takes its own course. Optimal avoidance of allergens, environmental toxins and cigarette smoke may, next to optimal anti-inflammatory therapy, alter the course of asthma. It remains to be established whether the observation that physiologic plasma cortisol levels modulate the process responsible for the deterioration of ventilatory function with ageing has clinical relevance for asthma as well (135). Future new strategies are still needed for a treatment that either prevents the occurrence of asthma, switches the disease off in childhood once present, or prevents relapse in adult life. 115 
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Abstract 
The present study investigated the outcome of asthma in a population of 189 
adult patients aged 13 to 44 years (median 24) when first tested for asthma. At 
this initial testing 92 % were atopic and all were hyperresponsive. When re-tested 
25 years later, 38 subjects (21 %)  did not show bronchial hyperresponsiveness 
(BHR, defined as PC20 ::;; 16 mg/ml). When absence of asthma was defined as 
PC20 > 16 mg/ml, FEV1 � 90 % predicted and the absence of any pulmonary 
symptoms, 2 1  subjects ( 12 %) were no longer considered asthmatic when re­
tested. Absence of asthma after 25 years was associated with a younger age and 
less severe airways obstruction at first testing (p=0.009, p=0.009) . Neither 
gender nor atopy were significant determinants of the outcome of asthma. 
Nevertheless, a high level of serum lgE at visit 2 was associated with persisting 
BHR. Asymptomatic individuals without BHR at second investigation had a 
shorter untreated period from onset of asthma symptoms (p=0.005), suggesting 
that earlier treatment of asthma may prevent persistence of the disease. Our 
results suggest that a substantial proportion of symptomatic asthmatics may 
outgrow their asthma. The data lend support to the hypothesis that milder disease 
and earlier intervention is important for a beneficial outcome of asthma. 
Introduction 
It is common practice for a physician to comfort the parents of an asthmatic 
child with the assurance that most children will ' outgrow' their illness. And 
indeed, many follow-up studies have shown that childhood hyperresponsiveness 
tends to diminish or disappear in adulthood. Although the exact percentages 
differ in the various investigations, most studies report that about 50% of 
children with asthma will ' outgrow' their asthma (23,47,74,85, 136-140). 
However, only a few studies have been published attempting to exclude whether 
asthma may also recede in adults. The natural history of asthma in adulthood, 
particularly in terms of the factors which influence the cessation of the disease, 
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Chapter 10 are currently hardly available, and if so not with similar conclusions (33,50,73, 141). What are meaningful measures in a study on the outcome of asthma? Bronchial hyperresponsiveness (BHR), often called 'the hall-mark of asthma' ,  is known to be an important risk factor for the development of asthma and is a marker for the actual severity of disease as well as a measure for the need of therapy ( 142, 143). The severity of BHR in childhood predicts the degree of respiratory symptoms and the level of BHR as well as the level of FEV1 in adulthood ( 139, 144). Atopy is an important risk factor for BHR and the development and progression of asthma (85, 145, 146). It has been suggested that early detection and prevention, and treatment of atopy may also prevent the development of recurrent respiratory symptoms (73, 14 7). However, this has not always been found (50). The expression of symptoms by the patient is of importance. Some studies have shown asthma symptoms to diminish with age (23,24,85, 148). Other longitudinal clinical studies do suggest that asymptomatic adults with a history of childhood asthma still have a higher prevalence of BHR compared to healthy individuals matched for age and gender (26, 149, 150). Moreover, in asthmatic individuals the annual decline in lung function has been reported to be larger than in healthy individuals (50). Therefore, it can be postulated that meaningful outcome measures will be a combination of symptoms, lung function, and BHR. We had a unique possibility to perform a 25 years follow-up study in a group of asthma patients who were extensively characterized between 1962-1970. The aim of this study was to assess the determinants of the positive outcome of asthma in these patients with respect to symptoms, lung function and BHR in adulthood. Furthermore, as BHR and atopy are closely associated we also examined whether atopy was related with the outcome of asthma. 
Methods 
Study design In this study we re-examined a cohort of patients, who were admitted to the asthma clinic at Beatrixoord hospital in Haren, the Netherlands between 1962 and 1970. We refer to this period as 'visit 1 ' .  The follow-up data have been collected between 1991 and 1994 at the same clinic, referred to as 'visit 2'. The study was approved by the medical ethics committee of the University Hospital Groningen, and all participants signed an informed written consent. 
Patients From 1962 onwards symptomatic asthma patients without a momentary exacerbation were referred to Beatrixoord, a regional asthma clinic, and were admitted for about 6 weeks, to undergo a standardized evaluation to assess the severity of their asthma and to start or optimize their medication. The patients all 1 18 
Adult patients may outgrow their asthma came from the northern region of the Netherlands, which has a rural environment and a relatively stable homogeneous population. We used this well defined population for a 25 year follow-up study. Inclusion criteria were at visit 1: age under 45 years, a 20 % fall in FEV1 during a histamine challenge test and clinical symptoms of asthma according to current ATS criteria (151, 152). Exclusion criteria were presence of specific respiratory diseases, such as cystic fibrosis and tuberculosis identified by a physician, and presence of serious other interfering diseases. 
Questionnaire At both evaluations a standardized modified form of the British Medical Society Respiratory Questionnaire was used (153). This version is comparable with the European Coal and Steel Community's questionnaire. At visit 2 questions on asthma symptoms, smoking history and therapy were added. In both settings the subjects were interviewed by a trained physician (CIMP). Patients were regarded asymptomatic when they negatively answered to questions on cough and sputum, dyspnea, wheeze and asthma attacks (see addendum). 
Pulmonary medication All pulmonary medication was withheld at both visits if clinically possible. Inhaled 82-agonists, anticholinergics and cromoglycates were stopped at least 8 hours before testing, theophyllins and oral anticholinergics at least 24 hours, and inhaled corticosteroids at least 14 days prior to testing. Individuals had to be in a stable condition without an exacerbation in the last 6 weeks. 
Lungfunction testing Spirometry was performed in a similar manner at visit 1 and visit 2. Two valid measurements were obtained on FEV 1 , and IVC (slow inspiratory vital capacity), using a calibrated water sealed spirometer (Lode Spirograph type DL, Lode b.v. , Groningen, The Netherlands). The values of the two FEV1 measurements had to be within 3 % to be considered valid, the highest value being recorded. Predicted values at both visits are those of the ECCS and for children those of Zapletal (154, 155) . Reversibility was tested by repeating spirometry after administration of a bronchodilator . At visit 1 this took place 30 minutes after an intramuscular injection of 25 mg Multergan, a very potent anticholinergic drug with antihistaminic properties, at visit 2, 20 minutes after inhalation of 800 µg salbutamol (albuterol) via a spacehaler. 
Histamine challenge test Bronchial responsiveness was measured, at both visit 1 and visit 2, by using the 30 seconds inhalation histamine challenge test according to De Vries et al ( 156), using the same equipment. After saline inhalation, doubling concentrations histamine phosphate were inhaled, from 0.5 to 32 mg/ml. The test was stopped 119 
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earlier in case a greater than 20 % fall in FEV 1 occurred. A 20% fall in FEV 1 is 
considered to be evidence for bronchial hyperresponsiveness. In this way the last 
dose, 32 mg/ml histamine in this 0.5 minutes inhalation method is comparable 
with 8 mg/ml in the 2 minutes inhalation method of Cockcroft et al ( 157). At 
both visit 1 and 2 the slope in the histamine FEV1 dose-response curve was 
calculated. This is the slope of the line through the first point in the dose­
response curve, (baseline FEV1) and the last point, the threshold FEV1 ( 158). At 
visit 2, PC20 values were calculated by linear interpolation of the last 2 points of 
the log dose-response curve. If there was a fall in FEV 1 of 20 % or more, the 
PC20 represents the histamine concentration causing an exact 20 % fall in FEV 1 
( 15 9). Without a 20 % fall in FEV 1 the data were not interpreted and the test was 
considered to be negative. At visit 2 a challenge test was not performed when 
FEV1 was below 1.20 liter. This occurred in 26 patients. These 26 patients were 
included in the analyses on BHR as a dichotomous variable, assuming they were 
hyperresponsive, but they were excluded in the analyses on BHR as a 
quantitative trait. 
Of the 189 patients included, 8 individuals with a PC20 � 16 mg/ml, who 
were unable to stop their corticosteroid therapy were subsequently excluded in 
the analyses on the absence of BHR and asthma (table 2). They were not 
responsive to histamine possibly due to corticosteroid therapy but were 
apparently affected, as shown by their need for this medication. 
Allergen tests 
Intracutaneous skin tests including histamine as a positive control and diluent 
as a negative control were performed at both visits (Diephuis Laboratory, 
Groningen, the Netherlands). At visit 1 it was performed with the following 
allergen skin tests: house dust, mixed molds, mixed grass pollens, mixed tree 
pollens, mixed spring pollens, mixed weeds, mixed animal dander and feathers, 
and hay dust. At visit 2, 16 common aero-allergens were applied: mixed grass 
pollens, 2 mixed tree pollens, mixed weeds, house dust mite (Dermatophagoides 
pteronyssinus), storage mites (Lepidoglyphus destructor, Tyrophagus putrescenti­
ae, Acarus siro), cat-, dog-, horse-, rabbit-/ guinea-pig dander, feather mix, and 
5 molds (Aspergillus fumigatus, Altemaria altemata, Cladosporium herbarum, 
Penicillum notatum, Botrytis cineria). At both visits intracutaneous tests were 
considered positive if the mean of the largest diameter, and the perpendicular 
diameter of the wheal was at least 5 mm, while the negative control was not. At 
visit 2 total serum lgE (IU) was measured by solid phase immunoassay 
(Pharmacia lgE EIA, Pharmacia Diagnostics AB, Sweden). The mean of two 
tests was used. The values of the two measurements had to be within 5 % to be 
considered valid, otherwise the tests were repeated. This test was not available at 
the time of visit 1. 
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Analysis Except for the inclusion criteria at visit 1, in this study we used a more conservative PC20 ::;; 16 mg/ml to define BHR. Absence of asthma at visit 2 was defined as PC20 > 16 mg/ml, FEV 1 baseline � 90 % predicted and the absence of any pulmonary symptoms (see addendum). Reversible airways obstruction was defined as an improvement in FEV I after a bronchodilator � 9 % of the predicted FEV1 ( 160). Untreated period from onset of symptoms was defined as the time between the onset of asthma symptoms as reported in the questionnaire at visit 1, and the first treatment of the disease in Beatrixoord (visit 1). The first period of bronchitis and pneumonia was the self reported age at which this occurred. Smoking was defined as current smoking (a dichotomous variable on smoking at visit 2), or packyears (the amount of years a subject smoked 20 cigarettes a day). A subject was considered skin test positive when at least 1 positive ( � 5 mm) allergen skin test was present. 




From all patients referred to Beatrixoord between 1962 and 1 970, 426 
subjects fitted the inclusion criteria. Of these 426 patients 15 (3 . 5 % )  had a 
serious concomitant disease, 25 (5 . 9 %) were reported to be dead, and 85 
(20.0 %) refused to cooperate in the study . We were not able to trace back 57 
( 1 3 . 4%)  subjects ,  and we randomly did not approach 55 ( 12 .9%)  other subjects . 
Table 1 shows the patient characteristics of the 1 89 (44 . 3 %) subjects who 
participated, and the 237 subjects who fit the inclusion criteria but did not 
participate in the study . Non-participants were significantly older and more 
frequently smokers , showing no other evidence for a selection bias on this level . 
The last 2 columns of Table 1 show the characteristics of the study 
population at visit 1 and visit 2 with a mean interval of 25 .5 years . The age 
range was 13-44 (median 24) at visit 1 and 35 to 7 1  (median 48) at visit 2 .  
Gender was nearly equally distributed (57 . 1  % males) . At visit 1 86 .2  % patients 
used a bronchodilator (B2-agonist, anticholinergic or theophyllins) and 17 . 6  % 
patients had used an anti-inflammatory drug (corticosteroids) as shown in table 1 .  
At the time of visit 1 only oral corticosteroids were available.  At visit 2 oral and 
inhaled corticosteroids were prescribed. At this testing 1 3  (6 . 9%)  patients needed 
continuous oral corticosteroid therapy . In the Netherlands it is not possible to 
buy corticosteroids or bronchodilators 'over the counter' in drugstores without a 
doctor's prescription. 
At visit 1 all patients were hyperresponsive (PC20 ::; 32) , while at visit 2 
82 . 8 %  of the patients had a PC20 � 32 mg/ml histamine, not including the 26 
subjects that had an FEV 1 too low to permit a challenge test. Excluding those 26 
subjects in the old hyperresponsiveness data of the participants did not change 
the data significantly (Table 1 ) .  The percentage of skin test positive patients 
dropped from 93 % at visit 1 to 80 % at visit 2 .  
Outgrowing of BHR and asthma, univariate analyses. 
Of the 1 8 1  patients evaluated, 38 (2 1 .0 %)  subjects had a PC20 histamine > 
1 6  mg/ml at visit 2 (Table 2) , of which 23 ( 12 .7 %) had a PC20 > 32 mg/ml 
histamine . This group holds significantly more younger males , who were less 
hyperresponsive at visit 1 and had a better FEV 1 % predicted both at visit 1 and 
visit 2 .  Total serum IgE levels and atopy were not significantly different between 
the two groups , neither at visit 1 nor at visit 2 .  Although there was no difference 
in mean age of onset of asthma, the untreated period from onset was 
significantly shorter in those with a PC20 above 16 mg/ml. 
Twelve percent (2 1 subjects) of the tested subjects had no asthma at visit 2 .  
The results of  the analyses on the absence of  asthma showed comparable results 
as the above mentioned analyses on the lack of BHR at visit 2 (Table 2) . There 
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Table 1. Characteristics of participating and non-participating patients at visit 1, n = 426. non-participants participants 1962 - 1970 1991 - 1994 n 237 189 median age (range), yr 25 (13-44) 24 * (13-44) 48 (35-71) gender, % o 60.3 57.1 median age onset asthma (range), yr 4 (0-42) 4 (0.39) untreated period, yr 14 (0-41) 14 (0-42) smoking, % 49.4 36.5** 27.0 + ST, % 88.2 92.6 80.4 IgE visit 2, geom.mean (%sd), IU no data no data 85.1 (4.0) slope\ geom.mean (%sd) 6.6 (3.4) 6. 1 (3.5) 2.7 (6.6) % BHR, ::;; 32 mg/ml, % 100 100 85.2 % BHR\ ::;; 32 mg/ml, % 100 100 82.8 % BHR\ ::;; 16 mg/ml, % 86.1 89.0 71.8 % BHR\ ::;; 2 mg/ml, % 24.5 24.5 27.6 FEV 1 %pred pre BD, % 60.9 (23.0) 64.1 (23.2) 71.5 (23.7) FEV 1%pred post BD, % 83.4 (22.8) 87 .5 (21.1) 84.2 (22.3) LiFEV 1%pred, % 22.5 (12.1) 23.4 (13.5) 12.7 (8.2) LiFEV 1%pred � 9%, % 87.6 91.0 61.7 medication use: AI, % 12.9 17.6 48.1 BD, % 84.5 86.2 59.4 
All values as mean (SD), unless stated different. + ST: � 1 allergen skin test � 5 mm. 
LlFEV, %pred: improvement in FEV 1 with a bronchodilator, expressed as % predicted FEV 1 • BD: 
bronchodilator. Untreated period: the time between the onset of asthma symptoms as assessed by the 
questionnaire and the first treatment of the disease at Beatrixoord. AI therapy : anti-inflammatory 
drug use (oral and/or inhaled corticosteroids), BD: bronchodilator use (132-agonist, anticholinergic or 
theophy llins). Student's t test comparing participants with non-participants: * :  p � 0. 05 , ** : p � . 0 1 .  
1 : 2 6  subjects with FEV 1 � 1 .20 1 were excluded. 123 
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Table 2. Patients divided in  two groups, based on  presence of  a PC20 :;;;; 1 6  mg/ml, and asthma a t  visit 2 .  Eight patients with PC20 > 16  mg/ml and AI  therapy were excluded. (n  = 1 8 1 ) .  > 16 mg/ml :;;;; 16 mg/ml no asthma asthma n 38  143 2 1  160 % 0  73 .7 53 . 1 "  7 1 .4 55 .6  median age visit 1 (range), yr 16 ( 1 3-40) 26 ( 1 3-44)*** 16 (1 3-38) 25 ( 1 3-44)** age of onset, yr 5 .5 (0-36) 4 (0-39) 3 (0-33) 4.5 (0-39) untreated period asthma, yr 9 .4 (6.5) 15 . 8  (10 .3)*** 10.4 (6 .2) 15 .0 ( 10 .2)** age first bronchitis n= 147 ,  y r  7 (0-35) 6 (0-44) 4 .5  (0-25) 6 (0-44) age first pneumonia n = 82, y r  1 3 .6 (9 . 8) 16.0 (14 .6) 8 .2 (3 . 3) 16 .0 (14 .2)** % non/ ex/ curr smoking vis 1 50/16/34 57 /4/39* 62/ 19/ 19  55/5/40* %non/ ex/ curr smoking v is 2 26/32/42 46/30/24* 33/33/33 43/30/27 
+ ST vis 1 ,  % 97 .4 93 .0 100 93 . 1  
+ ST vis 2 ,  % 8 1 .6 80.4 8 1 .0 80.6 IgE geom.mean (% sd), IU 64.9 (2 . 8) 9 1 . 8  (4.2) 60.4 (2 .9) 89.2 (4.0) FEV 1 %pred pre BD, vis 1 8 1 .7 ( 17 . 8) 59.7 (22 .3)*** 86.8 ( 19 .8) 61 .4 (22.0)*** FEV 1 %pred pre BD, vis 2 97.2 (1 1 .0) 64. 1  (2 1 .5)*** 102.0 (8.2) 67.0 (22. 3)*** slope vis 1, geom.mean (% sd) 3 .46 (3 .03) 7 .24 (3 .42)** 3 . 19 (2 .89) 6 .75 (3.46)** BHR :;;;; 8mg/ml v is 1, % 55 .3  n.o· 47 .6 71 .3* BHR :;;;; 2mg/ml vis 1, % 1 8 .4 26.6 14 .3  26.3 pulmonary medication use, % 7 .9  78 .0*** 4 .8  70.9*** AI use, % 0 58 .9*** 0 52.5*** BD use, % 2 .6  73 .o*** 0 65 .8*** • :  p :;;;; .05 , •• : p :;;;; .0 1 ,  *** :  p :;;;; .00 1 .  Vis 1: visit 1, i .e .  testing between 1962 - 1 970, vis 2 :  v isit 2, i .e . testing between 199 1  - 1 994. + ST: � 1 allergen skin test � 5 mm. Untreated period: the time between the onset of asthma symptoms as assessed by the questionnaire and the first treatment of the disease at Beatrixoord. AI: anti-inflammatory drug use (oral and/or inhaled corticosteroids), BD : bronchodilator use (82-agonist, anticholinergic or theophyllins). 124 
Adult patients may outgrow their asthma were two exceptions. There was no significant difference in smoking habits at visit 2 between the groups with and without asthma, whereas this difference was significant between the groups with a PC20 > 16 and � 16 mg/ml. The self reported age of the first period of bronchitis and pneumonia was lower in the group without asthma, meeting the level of significance in the case of pneumonia. Although the trend was the same, this difference was not significant between the groups with a PC20 > 16 and � 16 mg/ml. A striking observation was the decrease in non-smokers with time both in the group with PC20 > 16 mg/ml and in the group without asthma, from 50 % to 26 % and from 62 % to 33 % respectively. This contrasts to the group with a PC20 � 16 mg/ml and the group with asthma, where the percentages of non-smokers hardly changed. 
Multivariate analyses on BHR and asthma. Applying a logistic regression analysis on the dichotomous variable PC20 > 16 mg/ml, we tested which variables at visit 1 or visit 2, were predictive for a PC20 histamine > 16 mg/ml at visit 2 (Table 3a) . We found significant odds ratios (OR) for age, FEV I at visit 1, the untreated period from onset of asthma, and for log serum IgE at visit 2. Gender, reversibility of airways obstruction (visit 1), current smoking (visit 2) and the presence of positive allergen skin tests did not significantly contribute. The same analysis using a model without lgE or changing the parameter for smoking (number of pack years instead of current smoking) did not change the results . Using the number of positive allergen skin tests instead of � 1 positive skin test did not change the results either. The correlation we found for both FEV 1 and the untreated period with having a PC20 > 16 mg/ml at visit 2 could be confounded by the correlation between FEV 1 and untreated period. We therefore performed a logistic regression analysis using a model including either FEV1 or untreated period. Both analyses did not change significantly from the results shown in table 3a (results not shown). To test for a confounding effect of smoking on total serum lgE levels we did the same analysis excluding current smokers at visit 2. In this remaining group (n= 125) the effect of age, log total serum IgE levels, untreated period and FEV1 % predicted at visit 1 were still significantly associated with PC20 > 16 mg/ml at visit 2 (p=0.033, p=0.035, p=0.035, p=0 .006 respectively). Another logistic regression analysis was performed on the absence of asthma at visit 2. There existed significant ORs for age, FEV1 , and for total serum lgE levels at visit 2. The results of this analysis differed from the analysis on PC20 
> 16 mg/ml only in the lack of significance of the untreated period from onset (p = 0. 7 4). Self reported age of onset of pneumonia was a significant parameter in the univariate analysis, but did not contribute significantly in the multivariate model. Smoking and positive skin tests at visit 2 had no significant contribution. 125 
Chapter 10  
Table 3a. Logistic regression analysis on PC20 histamine > 16 mg/ml at visit 2. (n = 173) OR 95% CI p age, per 10 yr 0.483 0.272 - 0.855 0.013 gender 1 = o ,  0 = � 1.846 0.719 - 4.742 0.203 current smoking, visit 2 1.623 0.648 - 4.068 0.302 FEV 1 visit 1 1.035 1.026 - 1.059 0.004 reversibility visit 1 1.006 0.964 - 1.050 0.788 BHR ::; 8mg/ml, visit 1 1.250 0.459 - 3.402 0.663 untreated period, yr 0.928 0.871 - 0.989 0.022 log IgE, visit 2 0.335 0.140 - 0.800 0.014 FEV 1 i s  height adjusted. Eight patients with PC10 > 16 mg/ml and AI therapy were excluded, and eight other subjects were not included in the analysis because of missing data. AI therapy : anti­inflammatory drug use (oral and/or inhaled corticosteroids) . 
Table 3b. Logistic regression analysis on absence of asthma* at visit 2. (n = 173) OR 95% CI p age, per 10 yr 0.319 0.135 - 0. 755 0.009 gender, 1 = o, 0 = � . 1.219 0.363 - 4.097 0.749 current smoking, visit 2 0.699 0.214 - 2.284 0.553 FEV 1 visit 1 1.040 1.010 - 1.070 0.009 reversibility visit 1 0.983 0.926 - 1.043 0.571 BHR ::; 8mg/ml, · visit 1 0.868 0.266 - 2.835 0.814 untreated period, yr 0.986 0.909 - 1.670 0.739 log IgE, visit 2 0.320 0.109 - 0.946 0.039 FEV 1 is height adjusted. Eight patients with PC20 > 16 mg/ml and AI therapy were excluded, and eight other subjects were not included in the analysis because of missing data. * Absence of asthma defined as PC20 > 1 6  mg/ml, and FEV 1 � 90% predicted, and no reported asthma symptoms. AI therapy : anti-inflammatory drug use (oral and/or inhaled corticosteroids) 126 
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When current smokers at visit 2 were excluded, (remaining group, n=  125), 
IgE lost significance (p =0. 127) whereas age and FEV1 remained significantly 
associated with current asthma at visit 2 (p=0.009, p=0.028) . 
A multiple regression analysis on the slope of the histamine challenge test at 
visit 2 showed that age and FEV1 at visit 1 were significant predictors of the 
level of BRR at visit 2 (p=0.015, p=0.049), while total serum IgE and current 
smoking status were borderline significant (p=0.055, p=0.062). The untreated 
period of asthma and BRR level at visit 1 did not significantly contribute 
(p=0.705, p=0 .914). When we left out current smokers no significant results 
remained, only borderline significant values for total serum IgE at visit 2 and 
FEV1 at visit 1 (p=0.077, p=0.076) (results not shown). 
In Table 4 the patients were stratified according to PC20 > 16 mg/ml and 
respiratory symptoms at visit 2. It confirmed that patients without BRR tended to 
be younger, and had a shorter untreated period. In the subjects who were 
hyperresponsive, the group with symptoms showed a significantly higher level of 
BRR than the group not reporting respiratory symptoms. The slope at visit 2 was 
significantly higher in the symptomatic BRR group than in the asymptomatic 
BRR group. The group without BRR and respiratory symptoms had a 
significantly lower level of hyperresponsiveness at visit 1. 
This analysis did not confirm the significant difference in the reported age 
of first pneumonia shown in Table 2. Of all 82 patients with a history of 
pneumonia 5 8. 5 % (n = 48) were still symptomatic and hyperresponsive at visit 2, 
compared to the 48. 1 % (n=87) in all 18 1 subjects. Of all 87 symptomatic and 
hyperresponsive subjects 55 .2 % (n =48) had a history of pneumonia, compared 
to 27. 6%  (n= 8) in the non-hyperresponsive non-symptomatic group. These 
differences were not found in the group reporting bronchitis. 
Discussion 
The present study investigated the outcome of asthma in a population of 
adult patients with moderate to severe disease, under age 45, who had not been 
optimally treated before their characterization at visit 1. A substantial proportion 
of young adult asthmatic individuals became symptom free in later life, even 
when considerable airways obstruction was present at their first evaluation. The 
disappearance of symptoms and bronchial hyperresponsiveness, and the 
normalization of lung function appears to be predicted by a younger age and less 
severe airways obstruction at first testing. Together with the observation that 
asymptomatic non-responders at second investigation had a shorter untreated 
period from onset of asthma symptoms, our findings suggest that earlier 
treatment of asthma may prevent persistence of the disease, even in young adults 
aged 13 to 44 years (median 24).  These data may lend support to the open study 
of Agertoft et al in children, where they found that later institution of inhaled 
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Table 4. Patients divided in  four groups, based on  BHR and symptoms a t  visit 2 .  (one way Anova) BHR+ BHR+ BHR- BHR- Significance 
& sympt+ & sympt- & sympt+ & sympt-
(group 1 )  (group 2) (group 3) (group 4) between 
n = 87 n = 56 n = 9 n = 29 groups 
age, yr 26. 1  25.2 17 . 3  20.7 1 -3/4 
untreated per. , yr 15 .8 15 .8 8 . 1 9.8 1 -4,2-4 
reported symptoms on asthma, bronchitis and pneumonia: 
-asthma, n 87 56 9 29 
median age (range) 4 (0-37) 4 (0-39) 6 (0-29) 5 (0-36) ns 
-bronchitis, n 70 46 8 23 
median age (range) 6 (0-44) 6 (0-43) 1 1  (0-16) 7 (0-35) ns 
-pneumonia, n 48 20 6 8 
mean age 17.0 1 3 .5 12 .2 14.6 ns 
IgE (%sd), IU 78 . 5  1 15 . 3  94.5  57.7 ns 
+ ST visit 1 ,  % 93 . 1  92 .9 88 .9  100 ns 
+ST visit 2, % 78.2 83 .9  88 .9  79.3 ns 
FEV 1 % pred visit 1 
-pre BD 58.7 6 1 .4 78 .6  82.6 1-4,2-4 
-post BD 84.3 84.8 103 .9  98.9 1 -3/4,2-4. 
slope geom.mean %/mg/ml 
visit 1 ,  ( % sd) 8 .76 (3 .2) 5 .42 (3 .6) 4 . 39 (3 .6) 3 . 19 (2 .9) 1-4 
visit 2, ( % sd) 9 . 17  (2 .6) 5 . 12 (2 .7) 0 . 10  (3 .0) 0.24 (3 .0) 1-2/3/4,2-
3/4 
PC20 geom.mean, ( % sd) 2 . 30 (2 .5) 3 .94 (2 .7) > 32 > 32 1 -2/3/4,2-
3/4 
PY vis 1 ,  median (range) 0 (0-40) 0 (0-35) 1 (0-1 1 )  0 (0-26) ns 
PY vis 2, median (range) 0 (0-80) 6 (0-65) 15 (0-20) 6 (0-34) ns 
* : significant p value for difference between the groups mentioned. Vis 1 :  visit 1 ,  i .e .  testing between 
1962-1970, vis 2: visit 2, i .e .  testing between 1991-1994. Untreated per. : untreated period from 
onset, the time between the onset of asthma symptoms as assessed by the questionnaire and the first 
treatment of the disease at Beatrixoord. lgE ( % sd): the geometric mean of total serum IgE levels at 
visit 2, in IU. + ST: at least 1 allergen skin test � 5 mm. _Pre/post BD; before/after administering a 
bronchodilator. PY: Packyears, the amount of years a subject smoked 20 cigarettes a day. 128 
Adult patients may outgrow their asthma 
corticosteroids resulted in less response to this treatment ( 16 1) .  At the time of 
visit 1 in this study inhaled corticosteroids were not available and 17 . 6 % of our 
population used oral corticosteroids. Treatment at discharge of Beatrixoord 
hospital constituted of oral corticosteroids in 3 1. 7 % of the individuals and the 
oral anticholinergic drug thiazinamium in 86.2 % , later on followed with inhaled 
medication as soon as they became available in the early 1970s. Furthermore, 
allergen avoidance and domiciliary sanation was advocated in all allergic patients 
at hospital discharge. As follow-up was not set up as an intervention study, we 
are unable to correctly investigate the influence of treatment on the outcome of 
disease. However, it was observed that non-responsive individuals at visit 2 used 
significantly less therapy than hyperresponsive individuals, as was expected in 
patients who outgrew their asthma. 
Respiratory infections in early life are generally accepted to be a risk factor 
for the development of asthma (76), although it also has been postulated that 
repeated infections may be protective by inhibiting the development of allergic 
sensitization ( 162). We now report a significantly lower mean age at the first 
time pneumonia occurred in subjects who have outgrown their asthma than in 
subjects who did not. This does not relate to an early life event since the mean 
age in the pneumonia group were 8 and 16 years respectively. The role of 
pneumonia in the persistence of asthma has not been fully addressed in previous 
studies, and we realize this study was not designed for this aim either. However, 
if it is a true finding, current prospective ongoing studies could provide data of 
the relevance of respiratory infections in the development and progression of 
asthma ( 162, 163) .  
Atopy did not appear to be a significant determinant of the outcome, when 
assessed with skin tests. This was both true for visit 1 and visit 2. Nevertheless, 
a high level of serum lgE at visit 2 was associated with the presence of BHR. 
This is compatible with earlier cross-sectional findings of Sears et al showing 
that only one of the 114 children with a low total serum lgE, i. e. below 32 1 .U. ,  
showed BHR while the prevalence increased with increasing lgE levels 
( 145, 164) . It is well known that, despite the generally lower lgE levels at an 
older age, relatively high lgE levels tend to persist in individuals ( 16,3 1). This 
study shows that even at older age more severe bronchial hyperresponsiveness is 
related to higher IgE but is not related to atopic status ( defined as 1 or more 
positive skin tests). This appears true for both the presence and the severity of BHR. 
A surprising finding is that a lower level of lgE was significantly associated 
with outgrowing of asthma in the whole group (n= 173). When current smokers 
at visit 2 were excluded this effect disappeared totally in the remaining 125 
subjects, suggesting an association between smoking and lgE. This may be a true 
observation ( 165, 166), yet we think it more likely to be the result of 
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Figure 1. The distribution of the 1 8 1  patients stratified for BHR and symptoms at visit 2 (Table 4). There is a significant difference in the slope at visit 1 between BHR + /sym + and BHR-/sym-. The Y-axis is a log-scale since the slope is log-nom1ally distributed in these groups. BHR; bronchial hyperresponsiveness. Sym; symptoms as reported in the questionnaire. 
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Adult patients may outgrow their asthma exclusion of healthy smokers, i.e. those who outgrew their asthma started smoking. This is supported by the observation that the percentage of non­smokers decreased from 50 % to 26 % over the study period in the group with a PC20 > 16 mg/ml and from 62 % to 33 % in the group without asthma at visit 2 (table 2). This is the first longitudinal study in asthma patients showing that bronchial hyperresponsiveness may disappear after young adulthood. It has been shown before that this may occur in children. Likewise, initial lung function, gender, age of onset of respiratory symptoms, and initial level of BHR have been mentioned as determinants for disappearance of BHR from childhood to adulthood (23,24,85,139). We confirm these observations in that the initial level of FEV1 was shown to be important for development of BHR when asthma was still present in young adulthood. We did not, however, find an effect of gender. Most studies in children show that persistent BHR is more likely in females. We also found this to be true in the univariate analyses but the multivariate analysis did not show a significant effect of gender, although the trend was the same. Our results suggest that when asthma persists into adulthood, gender is of less importance for the eventual course of asthma. The level of BHR at visit 1 did not significantly predict the disappearance of BHR at visit 2 in the logistic regression analysis. This does not rule out any influence however, as suggested in the univariate analysis and the analysis of variance upon stratification for symptoms and BHR in adulthood. These analyses showed that those who were non-responders at visit 2 were significantly less responsive at visit 1 (Table 2). These results may be biased by an effect of age, since this group is about 5 years younger than those with a PC20 under 16 mg/ml. It might be interesting to see if these relatively younger individuals may become hyperresponsive or symptomatic again in a longer follow-up study. In conclusion our results suggest that even when subjects with asthma are symptomatic in adulthood a substantial proportion may outgrow their disease. As the untreated period from onset of asthma symptoms appears to be an important determinant in this respect, it lends support to the hypothesis that early institution of treatment is critical in asthma for both children and adults. 131 
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Addendum: Cough and sputum 
1 )  Do you usually cough in the wintertime when you wake up, or, Do you 
usually cough in the wintertime in day time or at night? 
2) Do you usually bring up phlegm when you wake up in the wintertime, or, 
Do you usually cough in the wintertime in day time or at night? 
3) Did you ever have a period of at least three weeks duration that you had (an 
increase in) complaints of cough and phlegm in the last three years? Dyspnea 
Do you sometimes have to stand still because of shortness of breath when 
you walk at your own pace at level ground? Wheeze 
1 )  Did you ever have a wheezy chest? 
If yes : 
2) Do you have this most days or nights? Asthma attack 
1 32 
Have you ever had an attack of dyspnea and wheezing at rest; an asthma 
attack in the last 3 years? 
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Abstract 
A total of 18 1 adult moderate to severe asthmatic patients, who had been 
extensively characterized 25 years ago (visit 1), were re-examined for the 
present study (visit 2). After 25 years 14.4 %  of this asthmatic population had 
developed irreversible airways obstruction (IAO, FEV1 < 80% predicted, 
LlFEV1 % pred after 800 µg salbutamol < 9%), and 21. 8%  showed low 
postbronchodilator diffusion capacity (DC, T L,co/V A � 80 % predicted). At visit 
1, the group developing IAO had a longer duration of undertreatment and more 
severe asthma, as assessed by lung function. At visit 2, these subjects showed 
lower FEV 1 , higher RV, steeper loss of postbronchodilator FEV 1 , and they 
reported more symptoms. Regression analysis showed that the development of 
IAO was associated with a lower FEV 1 % predicted and surprisingly by a PC20 
> 8 mg/ml at visit 1. 
Comparison of the two groups with low and (near)normal postbronchodilator 
DC showed that their symptomatology and duration of treatment delay were 
comparable. The group developing low DC included heavier smokers who 
already had a significantly higher RV and TLC at visit 1. Results further showed 
significantly more female patients in the group developing low 
postbronchodilator DC. This suggests that female asthma patients are more 
susceptible than males to the effect of cigarette smoking. 
The results presented here suggest that patients with more severe asthma are 
at higher risk for developing irreversible airways obstruction or low diffusion 
capacity. Although both, IAO and a low DC, are characteristics of COPD, they 
represent two distinct groups in terms of symptomatology, etiology, and possibly 
in approach to treatment as well. 
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Introduction Asthma is a common disease believed to have a good prognosis with respect to its outcome. Several follow-up studies of childhood asthma have shown that close to 50 % of the patients 'outgrow' their disease when reaching adulthood (23 ,47,74,85 , 136- 140). However, studies on the natural history of asthma into adulthood are scarce. Prospective studies conducted to compare adult asthmatics with non-asthmatics have demonstrated a faster decline in FEV 1 in the affected group (26 ,33 ,45-48,50 , 140, 149). Other investigators have suggested that the clinical features of asthma may evolve into COPD with ageing. For example, an asthma patient initially showing variable and reversible airways obstruction may develop irreversible obstruction or even COPD at older age (47, 167). It is attractive to hypothesize that functional and structural changes in the airways, presumably due to ongoing inflammatory processes, ultimately result in irreversible airways obstruction or COPD. However , the prevalence and determinants of development of irreversible airways obstruction based on long­term follow-up data in adult asthmatic patients are hardly available. In the present study a retrospective cohort of asthma patients, extensively characterized between 1962-1970, was studied. Its aims are to characterize and analyze the group of patients with a faster deterioration of pulmonary function, and to identify the risk factors involved in the development of irreversible airways obstruction (IAO) and reduced diffusion capacity (DC) , both parameters closely linked to development of emphysema. 
Methods 
Study design A cohort of patients, admitted to the asthma clinic at Beatrixoord hospital in Haren, The Netherlands, between 1962 and 1970 were re-examined. This period of first admission is referred to as 'visit 1' ,  while the re-examination performed between 1991 and 1994 at the same clinic, is referred to as 'visit 2'. The study was approved by the medical ethics committee of the University Hospital Groningen, and all participants signed an informed written consent. 
Patients From 1962 onwards, symptomatic asthma patients without a current exacerbation were referred to Beatrixoord, a regional asthma clinic, and were admitted for about 6 weeks to undergo a standardized evaluation to assess the severity of their asthma and to start or optimize their medication. All patients came from the northern region of the Netherlands, which has a rural environment and a relatively stable homogeneous population. We used this well defined population for a 25 year follow-up study. Inclusion criteria were, at visit 1, age under 45 years, a 20 % fall in FEV 1 during a histamine challenge test and clinical symptoms of asthma according to current A TS criteria ( 15 1, 152). 134 
Risk factors for the development of .. .  Exclusion criteria were presence of specific respiratory disease, such as cystic fibrosis and tuberculosis identified by a physician, and presence of any serious interfering diseases. 
Questionnaire At both evaluations, a standardized modified form of the British Medical Society Respiratory Questionnaire was used (153). This version is comparable with the European Coal and Steel Community's  questionnaire. At visit 2 questions on asthma symptoms, smoking history and therapy were added. In both settings the subjects were interviewed by a trained physician (CIMP). Patients were regarded asymptomatic when they answered negatively to questions on cough and sputum, dyspnea, wheeze and asthma attacks (see addendum). 
Pulmonary medication All anti-asthmatic medication was withheld at both visits when clinically possible . Inhaled {12-agonists, anticholinergics and cromoglycates were stopped at least 8 hours before testing, theophyllins and oral anticholinergics at least 24 hours, and inhaled corticosteroids at least 14 days prior to testing. Individuals had to be in a stable condition without an exacerbation in the last 6 weeks. 
Lung function tests Spirometry was performed in a similar manner at visit 1 and visit 2 .  Two valid measurements were obtained on FEV1 , FIV 1 and IVC (slow inspiratory vital capacity), using a calibrated water sealed spirometer (Lode Spirograph type DL, Lode b.v. , Groningen, The Netherlands). The values of the two FEV1 measurements had to be within 3 % to be considered valid, the highest value being recorded. Predicted values at both visits are those of the ECCS and for children those of Zapletal (154, 155). Reversibility was tested by repeating spirometry after administration of a bronchodilator. At visit 1 this took place 30 minutes after an intramuscular injection of 25 mg Multergan, a potent anticholinergic drug with antihistaminic properties; at visit 2, 20 minutes after inhalation of 800 µ.g salbutamol (albuterol) via a spacehaler. Diffusion capacity (T L,c0/V A) was measured by defining the transfer factor for carbon monoxide (T L,co) using the single breath method (Masterlab Transfer System, Jaeger, Wiirzberg, FRG). The value was corrected for Hb level in peripheral blood and divided by the alveolar volume (VA). The test was performed twice with 5 minutes interval. Because of technical problems in the procedures, TL .co/VA could not be tested in 19 patients before, and in 15 patients after bronchodilator This test was not performed at visit 1. 
Histamine challenge test Bronchial responsiveness was measured, at both visit 1 and visit 2, by using the 30 seconds inhalation histamine challenge test according to De Vries et al ( 156). At both visits the same equipment was used. After saline inhalation, 135 
Chapter 11 doubling concentrations histamine phosphate were inhaled, from 0.5 to 32 mg/ml. The test was stopped earlier in case a greater than 20% fall in FEV 1 occurred; a 20 % fall in FEV I is considered to be evidence for bronchial hyperresponsiveness. The last dose, 32 mg/ml histamine in this 0 .5 minutes inhalation method, is comparable with 8 mg/ml in the 2 minutes inhalation method of Cockcroft et al (157). At both visit 1 and 2, the slope in the histamine - FEV1 dose-response curve was calculated, i .e .  the line through the first point in the dose-response curve, (baseline FEV1) and the last point, the threshold FEV 1 (158). At visit 2, PC20 values were calculated by linear interpolation of the last 2 points of the log dose-response curve. If there was a fall in FEV 1 of 20 % or more, the PCi0 represents the histamine-concentration causing an exact 20 % fall in FEV 1 (159). Without a 20% fall in FEV 1 the data were not interpreted and the test was considered to be negative. At visit 2 a challenge test was not performed when FEV1 was below 1.20 liter. This occurred in 26 patients . These 26 patients were included in the analyses on BHR < 32 mg/ml assuming they were hyperresponsive, unless stated differently. 
Allergen tests lntracutaneous skin tests including histamine as a positive control and diluent as a negative control were performed at both visits (Diephuis Laboratory, Groningen, the Netherlands). At visit 1 skintests were performed with the following allergens: house dust, mixed molds, mixed grass pollens, mixed tree pollens, mixed spring pollens, mixed weeds, mixed animal dander and feathers, and hay dust. At visit 2, 16 common aero-allergens were applied: mixed grass pollens, 2 mixed tree pollens, mixed weeds, house dust mite (Dermatophagoides pteronyssinus), storage mites (Lepidoglyphus destructor, Tyrophagus putrescentiae, Acarus siro), cat-, dog-, horse-, rabbit-/ guinea-pig dander, feather mix, and 5 molds (Aspergillus fumigatus, Altemaria altemata, Cladosporium herbarum, Penicillum notatum, Botrytis cineria) . At both visits, intracutaneous allergen tests were considered positive if the mean of the largest diameter, and the perpendicular diameter of the weal were at least 5 mm, while the negative control was not. At visit 2 total serum IgE (IU) was measured by solid phase immunoassay (Pharmacia IgE EIA, Pharmacia Diagnostics AB, Sweden). The mean of two tests was used. The values of the two measurements had to be within 5 % to be considered valid, otherwise the tests were repeated. This test was not available at the time of visit 1. 
Analysis Reversible airways obstruction was defined as an improvement in FEV 1 after a bronchodilator � 9% of the predicted FEV1 (160). Irreversible airways obstruction (IAO) was defined as an FEV 1 < 80 % predicted, improving < 9 % FEV 1 predicted after administration of the bronchodilator . Untreated period from onset of symptoms was defined as the time between the onset of asthma symptoms as reported in the questionnaire at visit 1, and the first treatment of the disease in Beatrixoord (visit 1). Smoking was defined as life-time smoking in 136 
Risk factors for the development of . . .  pack years, i.e. the number of years a subject smoked 20 cigarettes a day. A subject was considered skin test positive when at least 1 positive ( � 5 mm) allergen skintest was present. 
Statistical analyses The distributions of the variables were checked for normality. Total serum IgE levels, PC20 and slope histamine were log-transformed to obtain normality. In univariate analyses we used Student's t-test, x2 tests, and analysis of variance in case of a normal distribution, and a non-parametric test (Mann-Whitney) in case of non-normality. A logistic regression analysis on IAO at visit 2 was performed to estimate the predictive value of the parameters included in the model. In this logistic regression analyses the model included the parameters age (per 10 years), gender ( c3' = 1, � = 0), FEV 1 %predicted at visit 1, BHR at visit 1 as a dichotomous parameter, reversibility to a bronchodilator at visit 1 ( AFEV 1 as % of FEV1 predicted), atopy at visit 1 (at least one positive skin test), life-time smoking (amount of pack years), and corticosteroid therapy at visit 2 as a dichotomous parameter. 
Results 
Patient characteristics From all patients referred to Beatrixoord between 1962 and 1970, 426 subjects fitted the inclusion criteria. Of these, 25 (5.9%) were reported to be deceased, 15 (3.5%)  had serious concomitant diseases, and 85 (20.0%) refused to cooperate in the study. We were not able to trace back 57 (13.4%) subjects, and we randomly did not approach 55 (12.9%) other subjects. Table 1 presents the characteristics of the 189 ( 44. 3 % ) participating patients and those of the 23 7 subjects who fitted the inclusion criteria but did not participate in the study. Non-participants were significantly older and more frequently smokers at visit 1. The last two columns of Table 1 show the characteristics of the study population at visit 1 and visit 2 with an interval of approximately 25 years. The median age was 24 years (range 13-44) at visit 1 and 48 years (range 35-71) at visit 2. Gender was nearly equally distributed (57 .1 % males) . At visit 1, 86.2 % patients used a bronchodilator ({:Ji-agonist, anticholinergic or theophyllins) and 17 .6 % patients had used an anti-inflammatory drug (corticosteroids). At the time of visit 1 only oral corticosteroids were available . At visit 2, oral and inhaled corticosteroids were prescribed, and 13 ( 6. 9 % ) patients needed continuous oral corticosteroid therapy. It is not possible to buy corticosteroids or bronchodilators 'over the counter' in drugstores in the Netherlands without having a physician's prescription. The percentage of patients showing BHR dropped from 100% at visit 1 to 82.8% at visit 2, not including the 26 subjects who had an FEV1 too low to permit a challenge test. The percentage of skin test positive patients dropped from 92. 6 % at visit 1 to 80 .4 % at visit 2. 137 
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Table 1. Characteristics of participating and non-participating patients at  visit 1, n = 426. n Age, yr Number o, % Age onset asthma, yr Untreated period, yr Current smoking, % Atopy, % Slope1, % /mg/ml (%sd) % PC20 ::; 32 mg/ml1, % % PC20 ::; 2 mg/ml1, % FEV 1 %pred, % FEV 1 %pred post BD, % .LlFEV 1 %pred, % Pulmonary medication: AI, % BD, % non-participants participants 237 25 ( 13-44) 60.3 4 (0-42) 14 (0-41) 49.4 88.2 6.55 (3.42) 100 24.5 60.9 (23.0) 83.4 (22.8) 22.5 (12. 1) 12.9 84.5 1962 - 1970 1991 - 1994 189 24* ( 13-44) 57. 1 4 (0-39) 14 (0-42) 36.5** 92.6 6 .05 (3.53) 100 24.5 64. 1 (23.2) 87 .5 (21. 1) 23.4 ( 13.5) 17.6 86.2 48 (35-71) 27.0 80.4 2.71  (6.55) 82.8 27.6 71.5 (23.7) 84.2 (22.3) 12. 7 (8.2) 48. 1 59.4 All values as mean (SD) or median (range), or in the Slope; geometric mean ( %sd). *: p ::; 0.05, **: p ::; 0.0 1. Untreated period : the time between the onset of asthma symptoms as assessed by the questionnaire and the first treatment of the disease at Beatrixoord. Atopy: � 1 allergen skin test �5  mm. 1 : 26 subjects with FEVl ::; 1.20 1, without a PC20 were excluded . .LlFEV 1 %pred :  improvement in FEV1 % predicted after administration of a bronchodilator. AI : anti-inflammatory drug use (use of oral and/or inhaled corticosteroids). BD: bronchodilator (JJi-agonist, anticholinergic or theophyllins). 138 
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Table 2a. Subjects stratified by irreversible airways obstruction (IAO) (n = 181) n Number 3, % Age vis 2, yr Age of onset asthma, yr Untreated period, yr Packyears vis 1 Packyears vis 2 Atopy vis 1, % Atopy vis 2, % IgE, IU ( % sd) Slope vis 1, mg/ml ( % sd) Slope, vis 2, mg/ml (%sd) PC201 vis 2, mg/ml (%sd) FEV 1 %pred vis 1, % FEV 1 %pred vis 2, % FEV 1 %pred post BD vis 1, FEV 1 %pred post BD vis 2, LiFEV 1 % pred vis 1, % LiFEV 1 %pred � 9 vis 1, % IAO 26 61.5 53.9 (11.3) 4 (0-39) 19. 7 (11.8) 0.1 (0-35) 5.7 (0-56) 92.3 69.2 77.6 (5.1) 5.39 (3.5) 3.74 (4.1) 4.82 (3.0) 51.7 (21.6) 52.8 (19.4) % 74.9 (20.3) % 57.0 (19.0) 23.2 (12. 7) 7.7 Change in FEV 1 per year (vis 2 - vis 1): - FEV1 %pred, %/yr 0.04 (0.8) - FEV 1 post BD %pred, %/yr -0. 74 (0.8) DC � 80% pred vis 2, % 20.0 DC post BD � 80% pred vis 2, % 37.5 Asthma medication vis 2, % 80.8 AI vis 2, % 53.8 BD vis 2, % 73.1 no IAO p 155 56.8 0.649 48.8 (8.4) 0.035 4 (0-37) 0.817 13.8 (9.5) 0.023 0.0 (0-40) 0.231 2.8 (0-80) 0.265 92.9 0.913 82.6 0.111 83.7 (3.9) 0.829 6.32 (3.4) 0.552 2.49 (7.0) 0.269 6.57 (4.7) 0.274 66.5 (23.0) 0.003 75.0 (23.1) 0.000 90.9 (19.9) 0.001 88.8 (19.7) 0.000 24.4 (13.1) 0.662 5.2 0.601 0.33 (0.8) 0.084 -0.09 (0.7) 0.001 13.9 0 .469 20.3 0.063 60.8 0.050 45.8 0.445 54.2 0.073 All values as mean (SD) or median (range), or in the Slope, PC20 and IgE; geometric mean (%sd). Vis 1 :  visit 1, i.e. testing between 1962 - 1 970, vis 2: visit 2, i.e. testing between 199 1  - 1 994. Untreated period: the time between the onset of asthma symptoms as assessed by the questionnaire and the first treatment of the disease at Beatrixoord. Packyears; amount of years smoking 20 cig/day. Atopy: ;;:= 1 allergen skin test ;;:=5 mm. 1 : 26 subjects with FEVl ::::; 1.20 l, without a PC20 were excluded. LlFEV 1 %pred: improvement in FEV 1 % predicted after inhalation of 800 µg salbutamol. DC: diffusion capacity. AI: anti-inflammatory drug (use of oral and/or inhaled corticosteroids). BD: bronchodilator (,82-agonist, anticholinergic or theophyllins). 139 
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Table 2b. Questionnaire data on subjects stratified by irreversible airways obstruction (IAO) (n = 181) IAO ( % )  no IAO ( % )  p n 26 155 Cough: -getting up in morning 42.3 21.3 0.021 -during the day 23.1 21.3 0.838 -daily, 3 months /yr 30.8 20.8 0.216 Sputum: -getting up in morning 42.3 18.7 0.007 -during the day 26.9 11.0 0.026 -daily, 3 months /yr 23.1 14.8 0.289 Shortness of breath while: -walking fast 80.8 46.8 0.001 -walking at regular pace 46.2 22.1 0.009 -walking at own pace 23.1 8.4 0.025 -at rest 0.0 1.9 0.473 Wheeze: -most days /nights 23.1 16.1 0. 384 -all days /nights 7.7 8.4 0.905 Asthma: -attack in the last 3 years 31.6 30.7 0.939 -attacks at night 73.1 74.2 0.904 For complete questions see addendum at the end of this chapter. 140 
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Figure 1. The untreated period according to irreversible airways obstruction (IAO). Untreated period from onset of symptoms was defined as the time between the onset of asthma symptoms as reported in the questionnaire at visit 1, and the first treatment of the disease in Beatrixoord (visit 1). The mean of the group with IAO is significantly higher than the group without IAO (Table 2a). 
Development of irreversible airways obstruction (IAO). At visit 1, 3. 7% of the 189 participants showed IAO, increasing to 14.3% at visit 2. Of the 181 patients who did not show IAO at visit 1, 26 (14.4%)  showed IAO when retested 25 years later (Table 2a). At visit 1, prior to developing IAO, they had significantly lower FEV 1 pre- and postbronchodilator. The patients with IAO at visit 2 were significantly older and had a longer untreated period of asthma (Figure 1). At visit 1 there was no difference in reversibility and RV between the 2 groups, whereas at visit 2, IAO patients showed significantly higher RV values. There was a faster decline in FEV1 % predicted in the IAO group than in the group not developing IAO at visit 2, reaching significance in postbronchodilator FEV 1 only. The groups did not present a significant difference in age of onset of asthma, gender, smoking habits, bronchial hyperresponsiveness or in atopy status, for either visit 1 or visit 2. There was a significant difference in reported symptoms at visit 2 between the 26 patients showing IAO and the remaining 155 subjects (Table 2b). Patients with IAO reported shortness of breath more often, ranging from a relatively mild to severe level. These patients also reported more cough and sputum production, especially in the morning. Logistic regression analysis revealed significant odds ratios (ORs) for FEV1 (OR:0.95, 95%CI: 0.93-0.98) and BHR (OR:0.22, 95 %CI: 0.07-0. 7 1) (Table 3). 141 
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Table 3. Logistic regression analysis on irreversible airways obstruction at visit 
2. (n = 179) 
OR 95 % CI p 
Age, per 10 yr 1.44 0.81  - 2.58 0.2 16 
Gender 1 = c ,  0 = � 1. 1 1  0.38 - 3 .21  0. 847 
Smoking, packyears 1.0 1  0.85 - 1.05 0.361 
FEV 1 visit 1 ,  cl 0 .95 0.93 - 0.98 0.001 
Reversibility visit 1 0.99 0.95 - 1.03 0. 568 
BHR � 8mg, visit 1 0.22 0.07 - 0.71 0.011 
AI therapy, visit 2 0.73 0.25 - 2.09 0. 556 
Atopy 1.27 0.23 - 7 .03 0.782 
Packyears; amount of years smoking 20 cig/day. FEV1 visit 1: FEV1 % 
predicted. Reversibility defined as dFEV1 %pred (see methods). BHR: 20% fall 
in FEV1 at � 8 mg/ml histamine. AI therapy: anti-inflammatory drug (use of 
oral and/or inhaled corticosteroids). 
Since collinearity between FEV 1 and BHR was suspected, the logistic regression 
analysis was repeated using a model including either FEV1 or BHR, and a model 
including FEV1 and BHR, and an interaction term (FEV1 x BHR). In a model 
excluding BHR, FEV1 was a significant predictor (OR =0.97). In a model 
excluding FEV 1 but including BHR, age was the only significant predictor 
(OR= l .92). Using a model including FEV1 , BHR and the interaction term 
(FEV1 x BHR), a significant OR of 0.95 for FEV1 was obtained. Thus the model 
in Table 3 is the most parsimonious model. When analyzing the same models 
with BHR defined as PC20 � 16 mg, instead of PC20 � 8 mg/ml, no parameters 
reached statistical significance, but when PC20 � 2 mg was used, FEV 1 was 
significant (data not shown). When the analyses were repeated including 
postbronchodilator FEV 1 instead of FEV 1 pre bronchodilator, the results were 
almost identical (Table 3). 
Diffusion capacity and smoking 
Twenty four out of 170 patients ( 14 . 1  % ) had a diffusion capacity 
(T L,co/V A) � 80 % predicted (DC � 80 % ) prior to bronchodilator, 38 had a 
T L,co/V A � 80 % predicted postbronchodilator, while 20 subjects were 
represented in both groups, i. e . a low DC both pre and postbronchodilator. The 
characteristics of the 38 patients with low postbronchodilator DC are shown in 
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Risk factors for the development of .. .  Table 4. Patients with low DC had significantly higher number of packyears (Figure 2), TLC and RV at visit 1 and 2. More women developed a TL.co!V A � 80 % postbronchodilator than men, and the age difference between these two groups was not significant. The reported symptoms listed in Table 2b did not show any significant difference between the groups developing a T L,co/V A < 80 % , and the unaffected group. 
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Figure 2. Smoking according to low postbronchodilator diffusion capacity . Smoking was defined as life-time smoking in pack years at visit 2. Packyears: the number of years a subject smoked 20 cigarettes a day. Low diffusion capacity was defined T L ,co/V A � 80 % predicted (DC � 80 % ) . Subjects with low diffusion capacity reported significantly more packyears (Table 4) . 
Discussion A total of 181 adults asthmatic patients with moderate to severe disease, who had been extensively characterized 25 years ago, were re-examined for the present study. After 25 years, 14.4 % of this asthmatic population had developed irreversible airways obstruction (IAO), while 14.1 % and 21.8 % had low pre and postbronchodilator diffusion capacity (DC) at visit 2 respectively. Additionally, data suggest that the development of IAO is associated with longer duration of 143 
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Table 4 .  Subjects stratified by  postbronchodilator diffusion capacity (DC) (n = 174) DC � 80% DC > 80% p n 38 136 Number o ,  % 44. 7  62.5 0.049 Age vis 2, yr  52 .5  (36-7 1 )  47 (35-67) 0 .415 Age of onset asthma, yr 6.0 (0-39) 4.0 (0-37) 0 . 172 Untreated period, yr 10.5 (0-40) 1 3 .5 (0-38) 0 .48 1 Packyears vis 1 0.6 (0-40) 0.0 (0-36) 0.039 Packyears vis 2 8 .0 (0-58) 1 .2 (0-80) 0.017 Atopy v is 1, % 94.7 93 .4 0 .762 Atopy v is 2, % 78 .9  8 1 .6 0 .710 IgE vis 2 ,  IU ( %sd) 84.5 (4 .5) 86.4 (3 .9) 0 .936 FEV1 & FEV, post BD % predicted, vis 1 & 2, % NS LlFEV 1 %pred vis 1 ,  % 2 1 .9 (-15 .0-56.0) 20.8 (-0 .3-78.8) 0 .438 LlFEV 1 %pred vis 2, % 10 .3  (-3 . 8-30. 6) 1 1 .5 (-1 .3-42.2) 0.200 TLC %pred BD vis 1 , % 1 12 . 1  ( 16 .2) 106.3 ( 1 3 .6) 0.047 TLC %pred BD vis 2, % 107.5 ( 1 5 . 9) 99 . 3  ( 10.8) 0.004 RV %pred BD vis 1 ,  % 1 34 .9 (7 1 . 8-2 19 .5) 1 1 3 .7 (53 .7-228.5) 0.008 RV %pred BD vis 2, % 1 16 . 1  (59 .0-2 1 3 .8) 96.2 (5 1 . 8- 184.6) 0.000 IAO visit 2, % 23 .7 1 1 .6 0.063 Asthma medication vis 2, % 68 .4 6 1 .9 0.464 AI vis 2 ,  % 52 . 6  44.8 0 .391  BD vis  2 ,  % 68.4 53 .7 0 . 106 All values as mean (SD) or median (range), or in the Slope, PC20 and IgE; geometric mean (%sd) . Vis 1 :  visit 1 ,  i .e .  testing between 1962 - 1970, vis 2 :  visit 2, i .e. testing between 199 1  - 1994. Untreated period: the time between the onset of asthma symptoms as assessed by the questionnaire and the first treatment of the disease at Beatrixoord. Packyears; amount of years smoking 20 cig/day . Atopy: � 1 allergen skin test � 5  mm. ,: 26 subjects with FEVl � 1 .20 1, without a PC20 were excluded. LlFEV 1 %pred: improvement in FEV, % predicted after inhalation of 800 µ,g salbutamol. IAO; irreversible airways obstruction as defined in text. AI: anti-inflammatory drug (use of oral and/or inhaled corticosteroids). BD: bronchodilator (/32-agonist, anticholinergic or theophyllins). 144 
Risk factors for the development of . . .  undertreatment (Figure 1), lower initial FEV 1 , and higher PC20 histamine, whereas a low postbronchodilator diffusion capacity is associated with smoking (Figure 2). Thus, a considerable group of patients attending an asthma clinic is at risk for lung function deterioration and disablement. From the univariate analyses comparing patients with and without development of IAO, it may be concluded that the first group had more severe asthma, as assessed by lung function data at visit 1. This group was still more affected at visit 2, as shown by their lower FEV1 , higher RV, and steeper loss of postbronchodilator FEV1 • In addition, this group had more symptoms and need of pulmonary medication at visit 2. The trend of improvement in FEV1 from visit 1 to visit 2, instead of the expected deterioration, may be due to the severe undertreatment at the moment of initial testing between 1962 and 1970. This is supported by the observation that prebronchodilator FEV 1 increased (Table 1 and 2), yet postbronchodilator FEV 1 decreased in patients with IAO from 75% to 57 % . Our finding of a longer duration of untreated period of asthma, defined as the time between the onset of asthma symptoms and the beginning of treatment in a specialized setting, in those who developed IAO, supports this finding as well. Asthma is a chronic inflammatory disease of the airways which is demonstrable in almost all asthmatic patients, increasing with the severity of disease (168). Airway remodelling is a part of this inflammatory process which, over time, may result in structural changes, i.e. subepithelial fibrosis, smooth muscle hyperplasia and angiogenesis. Thus, an irreversible component of airway obstruction may appear. Our data suggest that this is more likely to occur when low FEY 1 is present and treatment in a specialized setting is delayed. The regression analyses on the development of IAO suggest that a lower FEY 1 at visit 1 and a histamine threshold over 8mg/ml at visit 1 result in a higher risk for development of IAO. Since collinearity of FEV 1 and BHR was expected, an interaction term was included in the regression model, however, it did not reach statistical significance. Thus, the model presented in Table 3 seems to be the most parsimonious one. It is difficult to explain the surprising finding that less hyperresponsiveness, i.e. PC20 > 8 mg/ml, is a risk factor for development of IAO. One explanation might be that asthmatics with a lower level of bronchial hyperresponsiveness where less likely to use anti-inflammatory treatment (Al). Additionally they may have delayed receiving or seeking specialized treatment. However, in Table 2a, neither the use of anti-inflammatory therapy at visit 2, nor the bronchial hyperresponsiveness at visit 1 and 2 were significantly different when comparing the two groups. Another important variable may be the significant age difference (Table 2a). The group developing IAO was older, and although age was not a significant parameter in the regression analysis, the inverse relationship between age and BHR at visit 2 might be influencing significance of the histamine threshold in the development of IAO. However, due to the nature of this study, conclusions can only be drawn with great caution and further studies are necessary to address this issue. 145 
Chapter 11  In the current study low FEV 1 is  the other important factor predicting the development of IAO. Almind et al. showed that adult patients with asthma may develop symptoms compatible with chronic bronchitis, especially when they are smokers (33). Those who developed these symptoms had a significantly steeper decline in FEV 1 than those without symptoms. The findings presented here support these observations, since asthmatics who developed IAO had more frequently symptoms compatible with COPD, i.e. cough, sputum production, shortness of breath, and the latter occurred in 6 out of 26 patients even when walking at their own pace. Patients in this study had a median age of 24 years (range 13-44) at visit 1. Thus, half of them had not yet reached their plateau phase in lung function. Achievement of a maximal attainable level of FEV1 is of potential importance for lower lung function at older age, once decline of FEV 1 occurs. Even in children with asthma but initial normal lung function, growth patterns may lie outside the 95 % confidence intervals of non-asthmatic children (25,28). The present study shows that this low lung function, even when there is still considerable reversibility, is also associated with the development of further loss of FEV 1 and irreversible airways obstruction. Lynch and colleagues ( 169) showed that asthmatic patients who smoked had significantly more emphysema, as assessed with CT scanning, than non-smoking patients. We did not perform HRCT scanning, but used low diffusion capacity (accompanied by high RV and TLC) as a marker known to highly correlate with the presence of emphysema in a CT scan. The results of the comparison of the two groups with low and (near)normal postbronchodilator DC support Lynch's, showing that the group developing a low DC included heavier smokers who already had a significantly higher RV and TLC at visit 1. The latter finding suggests that the onset of deterioration of lung function towards emphysema had already started 25 years ago, and at that time patients reported already more pack years of smoking. A striking finding was that significantly more female patients developed a low postbronchodilator DC. This result may suggest that female asthma patients are more susceptible than males to the effect of cigarette smoking, in agreement with findings of other researchers ( 170, 171). Its underlying mechanism, however, is still not clear. The results presented here, based on analyses of an asthmatic population ascertained 25 years ago at young adulthood, suggest that patients with more severe asthma are at higher risk for developing irreversible airways obstruction or low diffusion capacity. Although both IAO and low DC are characteristics of COPD, they seem to represent two distinct groups in symptomatology, etiology and approach to treatment in this population. Subjects with a low FEV 1 at initial testing are at a high risk for developing an irreversible component of their airways obstruction, especially when treatment is delayed. Subjects who show low diffusion capacity, on the contrary, are mainly those who report a significant smoking history, as is also observed in emphysema patients who had never asthma, and they further have higher TLC and RV at both visits. Finally, the data presented here confirms epidemiologic reports in that the female asthma 146 
Risk factors for the development of . . .  patients in this study were more susceptible to the effect of smoking than male patients were. 147 
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Addendum; questions from questionnaire included in Table 2b. 
Cough 
- Do you usually cough in the wintertime when you wake up? 
- Do you usually cough in the wintertime in day time or at night? 
- Do you cough daily, at least three months a year? 
Sputum 
- Do you usually bring up phlegm when you wake up in the wintertime? 
- Do you usually bring up phlegm in the wintertime in day time or at 
night? 
- Do you bring up phlegm daily, at least three months a year? 
Dyspnea 
- Do you have shortness of breath while walking fast, for example to 
catch a bus? 
- Do you have shortness of breath while walking at a regular pace with 
people of your own age? 
- Do you have shortness of breath while walking at your own pace? 
- Do you have shortness of breath while you are at rest? 
Wheeze 
* - Have you ever had a wheezy chest? 
- Do you still have this most days or nights? 
- Do you have this all days or nights? 
Asthma attack 
148 
* - Have you ever had an attack of dyspnea with wheezing on the chest 
while you were at rest; an asthma attack? 
- Have you had an attack like that in the last 3 years? 
- Have you ever had an attack of shortness of breath with wheezing on 
the chest that woke you up at night? 
* :  questions not included in table 2b. 
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This thesis consists of two complementary parts. 
Chapters 2 to 7 describe studies on the genetic basis of asthma, bronchial 
hyperresponsiveness and atopy, while chapters 9 to 11  contain studies on the 
long-term outcome of asthma. 
Chapter 2 :  Dutch approach on the study of the genetics of asthma. 
Chapter 2 describes the background and design of this study. Additionally, it 
discusses the strengths and limitations when performing a study on the genetics 
of a complex trait. 
Chapter 3 :  The genetics of asthma and atopy. 
Chapter 3 presents an overview of the statistical methods that are used in 
genetic analyses, taking previous studies on the genetics of asthma and atopy as 
examples. 
The importance of replication of reported results in different, independent 
populations to exclude false associations of phenotype characteristics and genetic 
markers is emphasized. Clearly a close co-operation among clinicians who define 
the phenotype, molecular biologists who genotype, and genetic analysts who 
analyze the data, is warranted for successful results. 
Four future directions of research are suggested: 
1. Replication of previously reported results. 
2. Development of genetic models such as multilocus models, to investigate the 
inheritance of the complex genetic traits. 
3. Completion of a genome-wide search to seek for other linkages. 
4. Fine mapping of the area(s) of interest to evaluate their potential importance. 
Chapter 4: Characterization of obstructive airways disease in families with 
asthma. 
Chapter 4 discusses the complexity of defining the asthma phenotype. Studies 
on the genetics of asthma require a distinction between individuals with definitive 
asthma from those with COPD or unaffected subjects, as misclassification of 
individuals may obscure true linkage to specific gene(s). An algorithm based on 
both objective and subjective measures is presented, which enables the 
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Chapter 13 classification of the phenotype of each family member enrolled in the study. This algorithm was applied to 92 two- and three-generation families, identified through a subject with asthma (proband). The algorithm consists of 5 classes and is based on the presence or absence of BHR, respiratory symptoms, smoking, airways obstruction and bronchodilator reversibility. All family members were classified as class 1 -definite asthma, class 2 -probable asthma, class 3 -unclassifiable airways disease class 4 -chronic obstructive pulmonary disease (COPD), and class 5 -unaffected (without clinical evidence of asthma and COPD) . Thirteen of the 92 pro bands ( 16 % ) could not be classified as asthmatic when retested 25 years later, because of one of the following reasons: loss of BHR, loss of bronchodilator reversibility or a current history of cigarette smoking. Of the 265 first degree offspring, 49 ( 19%) were classified as asthmatic (class 1), and an additional 22 (8 % ) as probably asthmatic ( class 2). A large number of offspring with clinical evidence of asthma did not have a prior physician based diagnosis of asthma. Offspring who were identified by the algorithm (class 1, definite asthma) had similar clinical, physiologic and allergic characteristics as those subjects with a physician's diagnosis of asthma. This finding suggests an underdiagnosis of asthma in families of asthma patients. The algorithm also identified another group of offspring (class 2 and 3) who did not fulfill all of the requirements for asthma but who shared one or more findings consistent with this disease. This group might be at risk for developing asthma. The results show that reliance on a prior physician's diagnosis can result in misclassification i.e. in over or underdiagnosis of asthma. Characterization of the offspring in this family study shows that there is a familial aggregation of asthma and related phenotypes, supporting the observation that asthma has a hereditary component. 
Chapter 5: Genetic Regulation of Total Serum IgE Levels. Chapter 5 presents an overview of the results of the genetic analyses of total serum IgE levels in the 92 Dutch asthma families, along with the results of published other studies. Serum lgE levels are correlated with the clinical expression of bronchial hyperresponsiveness and asthma, therefore representing an important quantitative parameter that may be used to map the gene(s) involved. One-locus and two-locus segregation analyses are reviewed, and evidence for a recessive inheritance of high total serum IgE levels, with a second locus with recessive inheritance, unlinked to the first locus, is reported. Additionally, the results of the one-locus and two-locus linkage analyses in respect to the area of interest on chromosome 5q are described. In a one locus linkage analyses, a LOD score of 3 .56 for marker D5S436 was reported. When a two-locus model was used, the LOD score increased to 4.67, showing evidence for a second, unknown locus, not linked to the locus at chromosoma 5. 168 
Summery Although other studies have reported evidence for linkage to this region on chromosome 5q as well, the results do not appear to favor one specific gene candidate within the gene region on chromosome 5q. 
Chapter 6: Exclusion of linkage of atopy, asthma and bronchial hyperresponsiveness to markers on chromosomes 11 q and 6p. Chapter 6 reports the results of the linkage analysis of atopy and bronchial hyperresponsiveness to markers on chromosome 11 and chromosome 6. Previous studies have reported a familial predisposition for the development of atopy, bronchial hyperresponsiveness and clinical asthma, and reported linkage between atopy and chromosome 11 q. Other studies have suggested an association between atopy and certain HLA antigens, from the HLA complex mapped to chromosome 6. This study presents the results of the first 20 families collected. These are two- and three-generation families, ascertained through an asthmatic proband, diagnosed 25 years earlier. Sixty-six percent of the offspring of these probands were atopic. Sip pair and linkage analysis were performed using the highly polymorphic markers INT2 on chromosome l lq and D6S105 on chromo�ome 6p, located close to HLA-DR. The possibility of linkage between atopy and bronchial hyperresponsiveness and these two markers was examined. LOD scores of -2.00 were observed for both markers. Similar results were observed with both of these markers and bronchial hyperresponsiveness. Therefore, these results present evidence for exclusion of linkage between atopy or bronchial hyperresponsiveness and these regions of chromosomes 11 and 6 in this population. Four possible reasons for the failure to replicate findings of other studies were postulated: 1. The disease phenotype may have been defined differently in different studies. In the present study, however, the allergic phenotype was defined in a similar manner to the group reporting positive linkage. 2. There may be a high degree of genetic heterogeneity, i.e. genes in different regions of the genome may individually be sufficient for disease expression. No evidence for genetic heterogeneity was found in the study presented here. 3. Several genes may interact in disease expression (oligogenic inheritance). This is a plausible situation. 4. Difficulty of interpreting a LOD score calculated under an unlikely model. If the postulated model of inheritance, used for the linkage analysis, is wrong, the statistical interpretation of the resulting LOD score is problematic. 169 
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Chapter 7 .  Evidence for a locus regulating total serum IgE levels mapping to 
chromosome 5 .  
Chapter 7 presents evidence for linkage o f  a gene involved in IgE production 
to chromosome 5q, using sib-pair and LOO score analyses . The LOO score 
analysis was based on the recessive model of high IgE levels obtained from the 
segregation analysis . Of the many genes that map to chromosome 5q, several 
regulate inflammation and airway wall remodelling, implying that this 
chromosomal region may be important in the regulation of inflammatory 
processes in allergy and asthma. The linkage results may be applicable to a 
general population; however, it has not been explored yet whether families 
consisting of allergic members without asthma show similar evidence for linkage 
to 5q. Efforts to map this region and genes that show more specificity to total 
serum lgE production may improve our understanding of the control of allergic 
inflammation in subjects with allergy and asthma. 
Chapter 9: Chronic complications of asthma. 
This chapter gives an overview of current knowledge and the possible 
influence of treatment on acute and long-term outcome of asthma, in respect to 
symptoms and lung function. Symptoms are not the only focus of asthma 
treatment, as severe and irreversible airflow limitation may develop without the 
patient noticing it . Early treatment of asthma with inhaled corticosteroids may 
give optimal control of its symptoms . Preliminary results , both in adults and 
children, suggest that delaying treatment may result in irreversible damage. 
Additionally, cessation of treatment results in rapid recurrence of symptoms, 
bronchial hyperresponsiveness and airflow limitation. 
There are still several questions that need to be addressed . For example, it is 
uncertain whether the use of inhaled corticosteroids in the management of asthma 
alters the disease in the small airways , or cures the disease. It seems that once 
the trigger is activated, the inflammatory process talces its own course . Optimal 
avoidance of allergens , environmental toxins and cigarette smoke may , next to 
optimal anti-inflammatory therapy, alter the course of asthma. It remains to be 
established whether the observation that physiologic plasma cortisol levels 
modulate the process responsible for the deterioration of ventilatory function with 
aging has clinical relevance for asthma as well . New strategies are needed for 
the development of a treatment that prevents the occurrence of asthma, switches 
the disease off in childhood once present , and/or prevents relapse in adult life. 
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Chapter 10: Adult patients may outgrow their asthma. Chapter 10 presents the analyses of factors that may determine the 'loss of asthma' in a cohort of 189 adult patients tested between 1962 and 1970. At this initial testing, 92 % were atopic and all were hyperresponsive. When re-tested 25 years later, 21 % of them did not show bronchial hyperresponsiveness, and 12 % were no longer considered asthmatic. Absence of asthma after 25 years was associated with younger age and less severe airways obstruction at first testing. Neither gender nor atopy were significant determinants of the outcome of asthma; however, a lower level of IgE was significantly associated with outgrowing asthma. Asymptomatic individuals without bronchial hyperresponsiveness at second investigation had a shorter untreated period from onset of asthma symptoms. This finding suggests that earlier treatment of asthma may prevent persistence of the disease. Results shows that a substantial proportion of symptomatic asthmatics may outgrow their asthma. Data also suggests that having a milder disease and receiving earlier intervention is associated with a better outcome of asthma. 
Chapter 11: Risk factors for the development of irreversible airways obstruction in asthma patients. Chapter 11 presents the analyses on the outcome of asthma in the cohort of 189 adult asthma patients in respect to the development of symptoms of COPD. After 25 years 14.4 % of this asthmatic population had developed irreversible airways obstruction (IAO), and 21.8 % showed low diffusion capacity (DC) postbronchodilator. The group developing IAO had a longer duration of undertreatment at the first visit, and more severe asthma, as assessed by lung function data. At the second visit, these subjects showed lower FEV 1 , higher RV, steeper loss of postbronchodilator FEV 1 , and reported more symptoms, as assessed by questionnaire. Regression analysis showed that the development of IAO is associated with a lower FEV 1 % predicted and by a lower level of hyperresponsiveness (PC20 > 8 mg/ml). The latter finding may be influenced by the higher age in this group. The comparison of the groups with low and (near)normal postbronchodilator DC suggests that the former included heavier smokers who already had a significantly higher RV and TLC at the first visit. The results presented in this chapter provide evidence to conclude that patients with more severe asthma are at higher risk for developing IAO or low diffusion capacity. Although both IAO and low DC are characteristics of COPD, it seems that they represent two distinct groups in symptomatology and etiology in this population. Subjects with a low FEV I at initial testing are at a high risk for developing an irreversible component of their airways obstruction, especially when treatment was delayed. Subjects who show low diffusion capacity, on the contrary, are mainly those who report a significant smoking history, as is also 171 
Chapter 13 observed in emphysema patients who never had asthma. Data presented in this chapter confirms epidemiologic reports in that female asthma patients in this study are more susceptible to this effect of smoking than male patients. 172 
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Nederlandse samenvatting voor de 
geinteresseerde leek. 
Woorden die cursief in de tekst staan zijn nader uitgelegd aan het einde van deze 
samenvatting. 
Studie opzet en vraagstelling Dit onderzoek bestaat uit twee verschillende onderzoeken; een genetisch onderzoek en een follow-up onderzoek, beiden met een verschillende vraagstelling. In het genetisch onderzoek wordt bekeken of astma erfelijk is en hoe de ziekte overerft. In het follow-up onderzoek wordt bestudeerd hoe astma verandert na een 25 jaar interval. Voor zowel het genetisch- als het follow-up onderzoek zijn astma patienten getest die tussen 1962 en 1970, uitgebreid in Beatrixoord onderzocht zijn. Deze 'oud'- Beatrixoord-patienten moesten indertijd jonger zijn dan 45 jaar, klachten hebben die passen bij astma en reageren op de histamine inhalatie test, een test voor luchtweghyperreaktiviteit. In totaal vonden we 189 personen, die indertijd in Beatrixoord onderzocht waren en die voldeden aan deze eisen, bereid om mee te doen in dit onderzoek. Bij 92 van hen was het mogelijk om tevens de familie met tenminste 2 kinderen te onderzoeken zodat zij ook aan het erfelijkheidsonderzoek konden meedoen. 
Genetisch onderzoek Al heel lang wordt door zowel artsen als patienten opgemerkt dat astma en allergie ' in de familie zit', en verschillende studies hebben aangetoond dat zowel astma als allergieen vaker voorkomen bij familieleden van astmapatienten dan bij familieleden van niet-astma patienten. Erfelijkheid lijkt dus een rol te spelen. N aast de genetische aanleg die een persoon ontvankelijk kan maken voor het krijgen van astma of atopie, blijken ook omgevingsfactoren, als blootstelling aan allergenen bijvoorbeeld huisstofmijt en pollen, belangrijk om deze aanleg ook daadwerkelijk tot uitdrukking te laten komen. De vraag die we in dit onderzoek willen beantwoorden is hoe de ziekte precies overerft, en op welk chromosoom of welke chromosomen er afwijkingen liggen. Astma wordt gekarakteriseerd door een combinatie van de factoren: 
bronchiale hyperreactiviteit (BHR) , aanvallen van kortademigheid met piepen op basis van luchtwegobstructie, en atopie. In dit onderzoek kijken we niet alleen naar het overerven van de aandoening astma in z'n geheel, maar ook naar de factoren die vaak gepaard gaan met astma, zoals allergie, een verhoogde lgE spiegel in het bloed, lage longfunktie, en luchtweghyperreaktiviteit. 173 
Chapter 14 In het begin van de studie hebben we 3 gebieden op 3 verschillende chromosomen uitgekozen, de kandidaat gebieden, waarvan we verwachtten dat de kans dat daar astma en allergie genen liggen grater was dan willekeurig erg ens anders. Kandidaat 1 was de lange arm van chromosoom 11 ( 11 q) , omdat een onderzoeksgroep onder leiding van Dr. Coockson uit Oxford, in Engeland, een onderzoek gepubliceerd had waarin linkage van markers op 1 l q  met atopie was beschreven. Kandidaat 2 was de korte arm van chromosoom 6 (6p). Chromosoom 6p hebben we getest omdat er een correlatie beschreven is tussen astma en een deel van het menselijk immuun systeem, het HLA-systeem genoemd. Een groat deel van de erfelijke kenmerken van dit HLA-systeem ligt op chromosoom 6p, en dit chromosoom zou dus heel goed oak een astma of allergie gen kunnen bevatten. Kandidaat 3; de lange arm van chromosoom 5 (Sq), omdat daar de erfelijke codes liggen van enorm veel astma en allergie mediatoren, stoffen die in verhoogde mate aangetroffen zijn in bloed en luchtwegen van patienten met astma en allergie. Oak daar kan goed een astma of allergie gen tussen zitten. 
Resultaten De resultaten van segregatie analyse van lgE spiegels in het bloed gaven duidelijke aanwijzingen dat het hebben van een hoge serum lgE spiegel recessief overerft. 
Linkage analyse van DNA markers op l lq en op 6p met astma of atopie leverden niets op. We konden onze kandidaat gebieden 1 en 2 uitsluiten. Op Sq, daarentegen, vonden we wel bewijs voor linkage. De meest significante resultaten (LOD = 3 .56) vinden we in de linkage analyse van lgE met de marker D5S436. In de regio van D5S436 liggen oak de loci voor interleukine-3 (11-3), 11-4, 11-5, 11-9, 11-13, GM-CSF, CSF-lR en FGFA, belangrijke mediatoren bij zowel allergie als astma. We kunnen nu concluderen dat op chromosoom 5, vlak bij de marker D5S436, een gen ligt dat codeert voor het hebben van een hoog serum lgE. 
Toekomst plannen. Waar het gen precies ligt en waar het voor codeert weten we nag niet. Tot op het moment van dit schrijven wordt er dan oak veel tijd en energie besteed om daar achter te komen. Het stuk op chromosoom Sq zal helemaal onder de loep genomen warden op een mogelijk belangrijke funktie in relatie met astma. Het kan ans een hele nieuwe kijk geven op de ingewikkelde mechanismen van astma en allergie, en het ontstaan van de ziekte. Daarnaast kan het ans een hele nieuwe opening geven voor het onderzoek in astma, en mogelijk zelfs de deur openen naar de ontwikkeling van een nieuwe vorm van astma therapie. 
Follow-up onderzoek In het follow-up onderzoek bekijken we de verandering van astma met de leeftijd. Niet alle patienten veranderen in dezelfde richting; sommige patienten 174 
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worden beter, en lijken als het ware over hun astma heen te groeien, terwij l  
sommige anderen steeds slechter worden, en door hun slechte longfunktie emstig 
gehandicapt zijn. Bij sommigen lijkt de astma over te gaan in COPD, en het is 
heel moeilijk na te gaan of dit een ontwikkeling van een nieuw ziektebeeld is 
naast het al bestaande astma, of dat het een volgend stadium is in een en 
dezelfde ziekte. 
We hebben onderzocht waarin de personen die over hun astma heen groeien 
verschillen, zowel in 'oude' gegevens als de nieuw verzamelde gegevens , van de 
patienten die nog steeds klachten en kenmerken van astma hebben. Daamaast 
hebben we onderzocht waarin de patienten met een emstige longfunktiestoomis , 
die slecht op medicatie reageert, verschillen en verschilden van de andere 
patienten. 
Resultaten 
Deze studie laat zien dat na een follow-up van 25 jaar een aanzienlijk deel 
van de jong-volwassen astmapatienten symptoom vrij wordt. Deze verdwijning 
van symptomen, BHR en de normalisering van de longfunktie blijkt met name te 
gebeuren in de groep jongere astmatici die bij hun eerste onderzoek, in 1962-
1 970, al minder emstige longfunktieafwijkingen hadden. Daarnaast blijkt dat 
deze 'patienten' indertijd sneller een gespecialiseerde behandeling van hun astma 
kregen, gerekend vanaf het moment dat de astmaklachten begonnen. De leeftijd 
waarop de astmaklachten begonnen verschilt echter niet. Dit suggereert dat een 
vroege, snelle behandeling van astma mogelijk preventief kan werken en een 
levenslange astma kan voorkomen. 
Een ander punt van aandacht in de follow-up studie is de groep astma 
patienten die niet verbetert na 25 jaar follow-up, maar over de jaren een 
luchtwegobstructie ontwikkelt die niet verbetert na het gebruik van salbutamol 
(Ventolin) ; een irreversibele luchtwegobstructie . In deze studie ontwikkelt 14 % 
van de patienten een irreversibele luchtwegobstructie . Dit is een groep die, 
vergeleken met de rest, ouder is en al een slechtere FEV1 had in 1962-1970 . Ze 
rapporteren nu meer klachten als hoesten en kortademigheid bij inspanning. Er 
was geen verschil in de leeftijd waarop de astmaklachten begonnen, maar deze 
groep had een langere periode tussen het begin van de astmaklachten en een 
gespecialiseerde behandeling van de ziekte. 
Een andere groep ontwikkelde een diffusie capaciteit stoornis . Vergeleken 
met de groep die geen diffusie capaciteit stoomis ontwikkeld heeft deze groep 
slechtere FEV1 , meldt niet meer klachten, en is niet ouder. Het blijkt echter dat 
met name roken een belangrijke factor is in de ontwikkeling van een diffusie 
capaciteit stoomis , en <lat vrouwen daar meer gevoelig lijken te zijn dan mannen. 
Alhoewel een irreversibele luchtwegobstructie en een diffusie capaciteit 
stoomis beiden kenmerken zijn van COPD, lijkt het hier niet te gaan om een 
groep COPD patienten te gaan maar om twee verschillende groepen. De groep 
met een emstig astma en een langere periode tussen het beginnen van astma 
klachten en gespecialiceerde behandeling, loopt een groter risico om later een 
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Chapter 14 irreversibele luchtwegobstructie te ontwikkelen, terwijl de groep die rookt en blijft roken meer kans loopt op het ontwikkelen van een diffusie capaciteit stoomis, waarbij vrouwen een grater risico lijken te lopen dan mannen. 176 
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Nadere uitleg van de cursief gedrukte woorden in de samenvatting. De histamine inhalatie test is een test op luchtweggevoeligheid, ook wel luchtweghyperreaktiviteit, bronchiale hyperreaktiviteit en BHR genoemd. Personen die reageren hebben (over)gevoelige luchtwegen, of hyperreaktieve luchtwegen, en merken dat zelf vaak omdat hun luchtwegen reageren op prikkels zoals mist. In het laboratorium wordt dit getest door inhalatie van een steeds hogere concentratie histamine die bij de meeste personen zonder astma geen effect heeft .  Bij patienten met astma zorgen deze inhalaties voor een luchtwegvemauwing. Deze vernauwing meten we met een spiro meter, een apparaat waarmee de hoeveelheid lucht die in- en uitgeademd wordt, gemeten wordt. Als de luchtwegen vernauwen kan de lucht er steeds minder snel door, en zal de FEV1 , de maximale hoeveelheid lucht die een persoon in 1 seconde uit kan blazen, lager worden. Die verandering in FEY I meten we en gebruiken we als maat voor luchtwegvernauwing. Een ander woord voor luchtwegvernauwing is luchtwegobstructie. 
IgE; immunoglobuline E. Dit eiwit wordt gemeten in het bloed en is vaak verhoogd bij mensen met allergie, eczeem, en astma. Atopie; Allergie. 
Algemene genetica Ieder levend wezen heeft een soort archief met alle erfelijke eigenschappen in zich. Deze erfelijke eigenschappen zijn vastgelegd in de chromosomen. Chromosomen zijn enorm lange strengen van DNA . DNA wordt dan ook wel de bouwstenen van de chromosomen genoemd. Bij alle mensen is het grootste deel van deze chromosomen gelijk, en dit maakt dat we allemaal mens zijn, en geen koe, muis of plant. Van een groot deel van het DNA dat we hebben weten we niet waarvoor het dient, waarvoor het gebruikt wordt of waarvoor het codeert. Sommige stukken DNA in deze chromosomen zijn niet exact het zelfde bij iedereen, en dit zorgt er voor dat er verschillen zijn tussen mensen, in bijvoorbeeld haarkleur, gelaatstrekken of schoenmaat. Soms kan een verandering in DNA een afwijking veroorzaken, zoals kleurenblindheid, of zelfs een emstige ziekte, als bloederziekte (hemofilie). Een stukje DNA waarvan we weten waarvoor het codeert noemen we een gen. Zo zijn we dus op zoek naar het astma gen. Een mens heeft 23 chromosoom-paren, dus 2 exemplaren van chromosoom 1, 2 exemplaren van chromosoom 2 etc. Voor bevruchting moeten deze chromosomen-paren gescheiden warden, en ei-cellen vormen bij de vrouw en sperma-cellen bij de man. In dit scheidingsprocess treedt crossing-over in de chromosoom-paren op. Dit is een uitwisseling van grate stukken DNA op geheel willekeurige plaatsen in het chromosomen paar dat er voor zorgt dat geen enkele ei-cel of sperma-cel gelijk is. 
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Tijdens de bevruchting heeft ieder kind van ieder chromosomen paar een 
chromosoom van de moeder, en de ander van de vader gekregen. Sommige 
ziekten worden al veroorzaakt als een stukje DNA van het chromosomen paar 
een afwijking heeft, en het andere chromosoom van het chromosomen paar 
normaal is. Deze ziekten heten dominant overerfelijk. Als de vader of de moeder 
ziek is, is er 50 % kans dat een kind ziek zal zijn. 
Andere ziekten worden alleen veroorzaakt als beide chromosomen van het 
chromosomen paar een afwijking in het zelfde stukje DNA hebben. Personen 
met een afwijkend chromosoom merken daar dus niets van, ze zijn  alleen drager 
en kunnen het afwijkende chromosoom doorgeven aan hun kinderen. Die zijn  
dan ook weer drager en hebben nergens last van. Als toevallig beide ouders een 
afwijkend chromosoom hebben is er een kans dat ze een kind krijgen met 2 
afwijkende chromosomen. Dat kind is dan wel ziek. Deze ziekten heten recessief 
overerfelijk. Recessief overerfelijke ziekten kunnen zo dus generaties overslaan. 
Met segregatie analyse analyseren we of het v66rkomen van een bepaalde ziekte 
of eigenschap, als astma of een hoog serum IgE, in families, en testen we of dit 
past in bepaalde bekende modellen van overerving, zoals dominant en recessief. 
Uit de witte bloedcellen, de lymfocyten, van de proefpersonen hebben we DNA 
ge'isoleerd, zodat naar de overerving van specifieke stukjes DNA kan worden 
gekeken. We analyseren welk stukje via de vader, en welk via de moeder is 
overgeerfd. We testen zo vele stukjes DNA op verschilende chromosomen. Deze 
stukjes DNA worden markers genoemd. Van deze markers weten we precies 
waar ze op het chromosoom liggen, welke markers er vlakbij liggen en welke 
verder op. Markers zijn  bruikbaar omdat er verschillende versies van dezelfde 
marker bestaan, deze versies heten allelen. Als beide ouders exact dezelfde 
marker met de zelfde allelen zouden hebben konden we nooit vaststellen welk 
chromosoom van de vader en welk van de moeder komt. 
Door dat er crossing-over plaats vindt kunnen we een idee krijgen van de 
afstanden tussen de verschillende markers op het zelfde chromosoom. Crossing­
over gebeurt op willekeurige plaatsen. Als twee markers vlak naast elkaar liggen 
is de kans dat er crossing-over plaats vindt juist tussen deze markers heel klein, 
zodat ze in alle ei- en sperma-cellen (en dus in de kinderen) identiek aanwezig 
zullen zijn. Als de afstand tussen twee markers grater wordt, wordt de kans op 
crossing-over ook grater en zal er in een aantal kinderen een marker met het 
allel van het ene chromosoom, en een marker met het allel van de andere 
chromosoom van het chromosomen paar aanwezig zijn. We noemen dat linkage 
tussen twee markers. In linkage analyse testen we de afstand tussen een marker, 
waarvan we weten waar het ligt, en het gen voor een ziekte, waarvan we niet 
weten waar het ligt, maar alleen of het aanwezig is of niet. 
Een voorbeeld aan de hand van de stamboom in de figuur. Een marker heeft 
6 allelen: A,B,C,D,E en F .  Een vader heeft twee gelijke allelen 'F 'en de moeder 
heeft twee verschillende allelen een 'A' en een 'D' .  De kinderen hebben allen 
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Figure 1 .  Stamboom met 3 generaties. Rondjes staan voor vrouwen, vierkantjes voor mannen; ingekleurde figuren staan voor personen die ziek zijn. De letters A tot en met F staan voor de allelen van de geteste marker. In deze stamboom lijkt de ziekte gelinkt te zijn aan allel 'D'. een allel van vader, en een van moeder. Alle kinderen zullen dus een 'F' hebben, vader kan immers alleen een 'F' doorgeven. Van moeder kunnen ze of een 'A' krijgen of een 'D'. Alle kinderen zijn dus 'FA' of 'FD'. Als moeder nu astma heeft, en twee van haar 6 kinderen hebben ook astma, dan willen we testen of het hebben van astma gelijk overerft met een van moeder's allelen. Als de twee kinderen met astma beiden het 'D' allel hebben gekregen, terwijl de 4 anderen het 'A' allel hebben is er sprake van linkage tussen de ziekte en de marker. Dit is het principe van linkage analyse. De resultaten van linkage analyse warden uitgedrukt in LOD-scores. Een LOO-score van 3 of meer wordt in het algemeen als significant bewijs gezien voor linkage, en staat voor een kans van 1 :  1000 in het voordeel van linkage. COPD is een afkorting van Chronic Obstructive Pulmonary Disease, en gaat gepaard met niet- of slecht reversibele luchtweg-obstructie en vaak ook diffusie capaciteit stoomis. Het wordt vaak geassocieerd met emfyseem ('rek uit de longen') veroorzaakt door het roken van sigaretten. 179 
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